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The Kelation of Rainfall to Soil Moisture.

The need of water, while not self-evwident is at lesast appar=
ent to even the superficisl observer. Water is everywhere. It
covers three-fourths of the surfece of the esrth and comprises from
40 to 95 per cent of all forms of live, while on the other hand in-
enimate things, compounds which are generally regarded as dry, may
often contain a high percentage of water. the dry dust of the road
may contain about 2 per cent of moisture while some soils contain,
when fully saturated, as high as 60 per cent of weter. The amount
of water held by the earth is sufficient to cover the surface of the
earth to a depth of sixteen-hundred feet. So0il water is considered
under three heads: Hygroscopie, capillsry, and free. It is the
capillery and incidentally the free water that concerns this arti-
cle. It is these three classes of water which, by evaporstion and
under drainage, consitute the circulating water of streams and
seas.

We may assume that rainfall which is more or less evenly dis-
tributed over the earth's surface, is the natural source of circu-

lating and consequently of soil water. “he precipitation of rain
is influenced by many factors, chief among which are; wind currents,
mountain cheins, and large continental sreas, and in consequence of
the influence of these fsctors, the rainfsll varies from a mere frac-
tion to an inch in the arid regions, such as in portions of the
Andes snd of the Grest African deserts, to as much as 600 inches
or 50 feet in Cherapindigo in eastern India.

Part of this water whieh falls upon the eesrth's surface passes

immediately as surface runoff into streams where it evaporates or

flows to the sess. By far the greater per d¢ent, however, is ab-
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gorbed by the soil and furnishes moisture for plants or is evep- |

porated from the soil surface, or passes downward by the action of

gravity to form the free water of the soil, snd eventuslly it finds

its way to the streasms &as seepage wgter,

There are seversl fectors whiech influence the smount of run-

off, chief among which are the rate of precipitation snd surfece

glope.

The other factors sre: the sesson of the yesr &t which the

grecetest precipitation occurs, or the distribution of the rainfall
throughout the yesr ; the condition of the soil surfece whether

frozen, packed or loose; the amount and kinds of crops; the per

cent of moisture in the soil; and the type of soil. These condit-

ions may be more clesrly steted in the form of a law, first by

dividing them into controlleble &nd uncontrollgble factors and

=}

gllowing the uncontrolleble tactors to remain constant; hence:

If the "rate of precipitation" "surface slope" and "type of

50il" remsin constant, the amount of rainfell thet is ebsorbed

by the so0il will very with the emount &nd kind of crops, the con-

dition of the surface snd the percentage of moisture in the soil.

The influence of these severasl conditions is shown by many

netursl oceurrences. For instence, the influence of rate of preci-

pitation is shown by the genersl law that " in going from & region

of hesvy rzinfell to one of light rainfall, the surfece runofi

diminishes ¢t & grester ratio than does the precipitetion.™ This 1is

illustreted by the streem flow of the mein tributaries of the Miss-
igsippi, which sccording to Newell (Irrigation and Dreinage) is

for the Ohio river, whose drainage area receives




g precipitetion of from 40 to 60 inches, and 20 per cent for the

Missouri, whose precipitation is from 10 to 20 inches per ennum,

while still ferther west where the precipitetion is very light the
stresems when found at all, do not have volume enough to maintein
& passage to the ses but end in the sand or salt lekes or mershes.

The influence of the surface slope is illustreted by mounteaingw (

and preirie regions. In the former we find numerous deep gullies

gnd canyons which heve been worn by freshets caused by most of the

rginfell rushing immediately from the steep slopes, into the streams

whieh during the storm are raging torrents end in & few hours are
guiet streams.
The streams of the prairie region sre almoct exasetly the oppo-

site to this. We find the waterways fer spsrt, sluggish and slow;

no rapid fluectuations in volume sfter heavy rains. The influence
of the type of soil may be shown by the washing of clsy &nd sands.
In the former the weter is sbscrbed so slowly that it colleects in the
depressions end finelly forms streams which often cut deep gullies.,

This seldom oecurs in sand, unless the slope is considerable and

even when the slope is great, clay washes most. Sand allows & more

repid percolation of water, hence there is not so much surface weash.
This was further illustrated by & laboratory experiment. Three tubes
nine inches long and 1.5 inches in dismeter were filled with an inch

of the top with sand, clay, and loem respectively, esch being firmly

pécked. The tubes were connected with an overflow pipe so that each

was kept under one ineh of water. It requireu seven mninutes for

=

the weter to resch & constant flow through the send, 33 hours for the

cley, snd 27 hours for the loem. Hence, send will absorb water meny

i i e -

times faster than clsy or losm.

T p—



= - — - i eSS TR
— — b\\ = = = . -
- = 3 —
<
N
_—r = e
i I sl £\ - i C >
a — - 2 X J ’ ) <
_.In..” ~ D Lo = D b 3 T L) 5 =
- £ = > = o 5y o s ' > o
- $~ — aQ - axad @) o = A ~ @ = -
2 @ 42 - —~ O = 3 - r La - D " 4 )
e = m 1 b = . = _ =
‘o o & e ; = . ks v + « } i o
@ 7 2 o 3 23 = b 5 = D S
. ~ b A . :
@ 4 > O D - O o = 5 = 5 ks
s e — ~ 1 £y = 1 c . 4 8
(o) +2 ® n | ¥ @ = 4+ o, 2 "] @ ; 5 . % » =
= = = +2 > ) @ 5 " ] sy} O - m <H 5 C @
L. o O J o 3 3 m IE] = ] i o i~ =
43} L o} - > 'e (op o 13 th a3 = -
+ o + — — 3 — D e} 0 i 3 =~
- st @ = o ; { 3 2 < @ a o - —
¥ = - = © © G o © . @0 5 . S :
1 © @ D = y o = i P B ’
il £ &0 Lo e o 45 . o s 4
o © < 3 = 449 T r
Lo =3 ~ e . Y & . Ey
=| A a i O o B s
o 9 O —~ t = g 3 o 3 :
o ] "] o prd 2 :
- - -~ & —~ o) e > )
4] © 0y o] o & . >
& o © 2 124 Q o o 3 ® y
@ m o) o] o o = " =
. = ¥ 3 &y - O FE-
~ n
o D " @
o — )
- = Gy
= + Cid Gy e o
] o o
= G
3 +
= . o
=i =
0 "
iy ~
+ ¥ -
= 5 ey @
+ =
42 o ~ =
m 1 £ ) : "
n = [ = o 15
- (.5 %) a3 ) o
< pa o ) (6 =)
w2 E ES. o s T & = o
p: 1] ~ Gy
J. 4 i = ]
()] T 0 Oy
E 0 . o »
o 5
~ = o Gy
L = = H
o~ 21 ] =]
> =
i D &
O n e =
= o &
g @ 4 o
o m ~
LﬂA N o o
L S
o] Q@ ty o
d
= ~ o e
@ o -2 S
= = o —
+ =y a
o + ® I
= o @ ! . =
3> 43 m T 3 ~ 2




e ————————————— e e e K - =
v — e e S = = E
st el e — T e - R

i @
=
—
va ey I 0
o 1 ~ = S .
1 = 3 2 o3 3
5 2 L5 ’ J -
( ,'\ = - .. | g
s = = Qo +3 ep] —
o C —~ - - :
— I o - 3 5 2
o O r—i ") 4 >
D ® — g5 & o 3
] nm 5 =ief !
= 42 : © c
+ = " = o & o .
= . - =} ¢
" & L | Q £ 4 — g
? " 3 i
= ’ - 4 “J o i J D o )
b= » \ 0 ) : — Yy ¢
~ = - 0 n = - v
' + + = 45 + " -] s w =] > !
£ = 2| = 5 { £ o
~ i) - ~ o T % 3 - 2
= > = D D = [¢h] 4 -~
[ o = 33 D D i3 - C ~ 2
A e ¢ + o . o 4 o
C 0 L : 4 (v m m
%5 om C > “r - 145] - 0
. oy € — H — ~ 4 -
D o 5 « % ~ - - = —
r - D O g VB
= = = > ' 5 :
@ — ° U i L 1 o 2 =N
L, 0 Q £y 7 — =
© @ b & ~ > 2 > 1 il
.2 B W o g H4 9 + @ @ O L4
o o) r—1 D + = ¢ o r~ = -
(3] ¥ o £ = S : P .
O ' o @ Q ) c - el
- . Pl ; ’ ’ \
~ r @ e &) 4 > 1 B _ a3 i
o o = o (@) @ ] ] — +2
O = p 2 m o 42
m n . = i) O (%] 63} o = (@]
© = N s 4 j =
© B @© e+ 42 ct = o
a * e b o O a
& @ e I i @ o = o)
o " ( \
= > == O <42 - o) =
§ o = 23] <1 (VI i 42
5 , o B €
© & 42 :
D b ®© &~ -
bt 4 4 P ¢
) = = -
¥ s 3 43 (= &
(= - 4 | :
) +2 3> &0 &
1 d = = m -
= @ @ . o & (5]
- i 1 - rs 15 i
= = © o) P c
il E g9 £ g B @ >
™
- E +2 &) @
5 ® £ e o
d & ~
@ < o fut - [ ]
o 42 ()] O L =
par, o
"~ > o o~ o
o Q N} ' C
Q g @
+ < o = m
o] - | 5 o i P
= - .
o > L2 - Y ~
=

® f n o =
F < R = T
$ B ~ 21 © = {2 ~ £y £
D = V) o ) ~ o
N B o ) M © o o
o (@ Gy 24 o [1h) O G4 G =




445

~+ g
,
-
™
+
4 W
-

(|

rey

m .o
)

w

-

a

=8

3
Yy
G4

=




=)
==
. - |
= 0 - = ]
O ) - o - A
) - . s il —
s _. = < ] i
49/ r— e 42 (<) ard
55 33 ¢
- ' ~
: lm o | < — .L_ + a 0
or + - !
r o 3 c 3 1 L P P> 2
ot — =2 i O ) o
2 m - 4p] 03] ~
) 5 ] £ o -
£y o o ~— (i) o
© o 5} I by o
y Y B 0y o =,
e a -2 - O & )]
- 1 C 5! © 45 <5 -
= > o] : oy
5] 1 - @ £
r @ @ [ m
o i +w©
=] 0 3 3 . 3
; © - J - = Q
“ 24 2 ! o £y
o | 3 D 3 ) )
= - 42 a0 gy a3
5 — &~ @
e, 5
s o (@) 3 \
© i b
& = i
n
o © w o Py
[ m a3 | o
vﬂ.u. |
L o 3 4
..u\.‘
Q o
J ) ﬁ”\..
I ©
— = & m
o 4+ (43}
o B : n =g °
wh > 4 4 A
‘@ 27 1 bR i
! 72 & o
oz 3 |
= ~ ®
o %9 ' & 4 -
5 = 4 / Q =
= £ =~ (o
= 2] <+
~ (i3] - ()] =
o 4 ! as ~
. k. —— L/
3 5 i brEy ¢ i
o (®) I L3
4 + il ® o2
D e P i
k. © ] +2 = LQ
F» (28] 19 B a3
o o O W e
== -~ a3
QO
Q o ) o]
()] NE} i o
® o
w 42 (| £y -

0

5 -
Lo L

10

—
{

J
™




— o ————.

i 3 g _
L 4 3 : = 4 : | ~
. ., ; . . . e ]
. ¥ 1 [ ! . 3 , | r | |
\ s ) > | | , .
L : : @ , . r‘f
: . | 2 . = T + ¢ &
; - ~y 4 S : : H | |
. @ ; , . : _ A ,;
S [ % Q ¢ " . . : _ _ i ,
[l . Ja = : . 4 5 | ‘
O £ 5 -t 3 2 ) : . . .a.
- y > ; . | .
7 4y : & I /d
4y . - - . . |
J. | M L o ; ¢ ; + h g A . = P ]
\ .. : - ; | | . |
, \ < . : ; :
. § . A | . | ”,
_ ; . .. ’ * ; C .
: > . 3 ,n ~ . ..._.‘.
I a‘_ k 5 ¢ 8 | ¥ 5 [ (- * : ‘.w
: A : . : A ) q 3 3 Y N 3 by ¢ e
3 42 3 . : | . |
4 » 1 e L= > A ' . .. | | ; | :
3 ...ﬁ Is . . ¢ & g Q) f 42 4 43
E . . } S _ & = ;. =
4 - “ - © | | |
o i + 0 ] | . . * | | .
.ﬂ, A , . . : ) wed Q G !
] 1 Q >3 4 4 4 B 5 — 5 Q@ A
4> { e — (4 = c . : . ‘ |
+ 4 ‘ = - : : ¢ | .
; 9 , \ o-d ¢S
0w -4 y ¢ o oh g 35 | : : |
P [ 9 l 42 X o 5 , . .
4 - - \ ; & | | : ,
| ; 5 wd h i 5 L
o ﬂL_ % |
{ " 1 |
| 5 t . | ,‘ |
’ . 1 . gl \ o ., |
. = (=] m = > 9 p :
AR - |
c h
Q ” : _
- ) Q) A ” 3 | _
._L. " g 5 N Y ) £
[4)] ~ i g . : .
an | . , _
i Y4 Q ) . ¢ ,.ﬁ
Oy | | ) . |
,. | \ o e . N (
; nv_ : & wiJ 2 _o ! F./ s
~ | | . ,‘
ﬁ . . . a b ¥ & \ =
: : . : .. ~ an 3 43 £
(@) ~ ' D) > _ : , :
¢ &1 ol " , @ S i 3 ‘
m. ; : ] £ r 3 L
m v | . | , . ..\
i3 . | .,
@ & ) ‘ . . . § N
‘ a Y FE e = o = £
m
r\l. | = : ad 4= ﬁ Ly
a ; : !r
Pt - : L : . ..
= o L i ) 2 ;™ 2 _ o .
() N Gy + K , |
Q -1 C L 4 P : @ 0 :
.. ﬂU ) : (4D - . -~ s <+ ™y 14
_.41_ ¢ 2 — B Y
.- . & :
(L8] oM f [4h] s G N ;
W/ 1 . | : .A | E
. - o q =1 — Fa o D q : a
oy m ¥ r~{ om ) ¢ : i . .
"lt (] : A. k . | \
- { 4 ST, ,..’ n
= p = [ n W .
< '} ¢ < h : ﬂ,. .-
(o) ' = .
- ©Y L : . ] :
+ = - E - ; :
aQ p . “ . | ‘ |
—! ® m -2 B = C ki =
U 44} ) = J S L 4
— © o 5 . ﬂ
-r.- ¢ 0 4 - ( I 4
: r & D f - = . 3 "
21 42 & { r—{ - o B 'R i 5
| ; ’ : . _ ' 4o ~ o o
! ¢ L ot o b ,
4 = ; | ,
=) &l ® &y & 2 O 4 B T ;
»w Q ,m I » ( - o — 3 B
® or4 = ] ay ] | 5 8 _
. k. = o) — fo ¥ Q ) ! . f A.JA 1= th)
v ) -4 : e \ » ».
u g 2 : - £ K. i y = |
¥ red e m oA = = . o |
¥ ] Q) , : :
t R q 4 b 3 . ©
| 42 b . et 5 = &
¥ J L 5 .. .
J 4 - i ..mv
{ =
=i




@

=R




Plot No. 1, Slope 23 -- 100; surfsece loose,

fiaipfa.ll, Runoff, 001l Moisture, Weter re-
inches. i i

',._I

H
L]
-3
o

.
o

-

1
2
1
i
1
2
6
5
5
6
1
2
: |
1
*
1
20
2
1
1
]
=
2
b
2
1
&
1
3
4
5
2
8




Plot No. 2, Slope 23 -- 100:; surface h:

’ S e nara,

Pré=
-

inches. tained,%. cipitation,

=0 e
(S 4V I 6 3 =

o
o oot

no !,__x -4

OOHOHK

PGI O O O On B 3
~SobhHOMH

=3 ¢

LR AL I A IR oV AVl ol Sl ol ol o
Lo

168

0o Oy

(9]

4

b

6

0

1

3

4

12

[

- -
i o
8 6
i

o

1>

(=)

4

B

</

7

8

OO O

” i

Ayvravracocro
Ly easl &
Fi 4 L.»_Vri_-‘ -




[ VS

S
.

OO

[ ] - L ]
M
tcho

O

h g
®
3

®
F.

el e
0 ~3 O b 3

J DO DO

Fy
. O3

\J

DO
y o

4
5)
6
0

=

OO

QO o

henr




()

an ki
s‘.‘r.LOL.U

1fall, Runoff

inches

4
=y
3

O G 1 O W
Q
e
=

"
pd @
100

4

o

= (033

J

H O H
~1 0O

OH I IO
~3

VIR AV vl ol e

O
F= CA

(s
o0
$%

5
6
0
1
i
5
A
=
7
1

20 DO =

;A DO DO T
S0 S Sl = Se T S R
®

o ~F




m Ta 2 - 3 s ol !
'he chief objection to these results is thet the 1

. ’
AR B ]
3 experiment

was not conducted long enough to meke the date good sveraces. The
g nyerages. |

reinfall for the spring and summer of '07

YT @ = b (B R Sl ==
was very light, only one

storm of the yesr being sufficient to cause

el

& runoff snd then

only from a closely g¢ropped pasture.

The first rain of sufficient volume to easuse runoff occurr-

Vo
- : Uo S :
ed on April 7, A precipitetion of 1.2 inches gave g runoff of

.12 inches or ten per cent. The time of the lesst runoff was on

May 28, with & precipitation of .75 of &n inch, the runoff being

0o

-

.02 of an inch, or 3.2 per cent. The maximum runoff occurred on

June 7, when .37 or 14.8 per cent escsped, the precipitation being

44
o

253 inches.

(4 v

From the above tables it is spparent that the

4 =

tion of weter by soil is prectically constent, or

8 s0il will absorb a definite emount of water in & given time. Th

<

constet varies with ell the above mentioned factors, e&s given in

the law mentioned on D&ﬁefiﬂl .

The idea is sdvenced by some writers that the amount of runoff

in gere inches depends upon the size of the catchment srea, the

argument being that the weter from the higher sreas pess successive-

ly over ¢

o pl

4
Y]

e ¢ . + 1 e e ol i ey L | rave FE e
e lower areas, thereby giving the soil more time fo &b-

s0Trn, this srgument, however, is weegk in tThat the water does notv

P&ss successively over the lower

L TP N A ey o ey - P g -1 = 3 =1 T
deépressions and forms small stresms vaere

vered. Beside, this water does not escape from & soll surface

precipitation emceeds

1 4+ < 01 henece the 1 or sreas have all they
abgorption, nenc the lowver egregas nave 8.l ULIGC)

10 o N 1 . o 23t ot AN
A0 To sbosrb their own precipitailion.
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Quoting sgain from Rafter's Relation of

Read s PaN 4a
Aglnrall To

he says; "There is no distinet relation between runoff snd o toh-
ment areeg," consequently, the time @lement is set on as long
g

ag the precipitation eontinues.
The luence of rate of precipitation is shown bv eommncrine
= & w0 v A i o 4 7 lit e e b
the results of Mey 4 with June 7. In the first instance 2,91 in-
xhes fell in ebout % 1ty hours. runo in this csase was .23
of en inch. On June 7 2.53 fell in 8 hours. The runoff in is
ra8e was 37 inches. The runoff wes .14 en inch, or 8.26 ner
cent more when 2.53 inches fell in 8 than it was when 2.91 inches

y : rantinal s £4
malined pract lcally the

1

- . - - -~ ==
Waks) 3T be du to the

(4]

ks ] el . P - 2 I AV L e = W i S - .- - ek £ el £
fluence of slope is distinetly shown by compering the results of

[ 2 4.

plot No. 1 with plot No. 4, where the surfsces were in the same

condition. Plot No. 1, slope wss 23 to 100, lost, on June
7, 14.5 per cent by runo plot No. 4, whose slope wes Z feet
i Rl T T e 1T matadned
to 100 feet, lost per cent, or plet Fo. 1 reteined
"o a1 4 £ i e oy e O R nlot Wo i reteined 90.1 per cent
ber cenvy f the rainfall while pPi0tT LO, &4 retainea vuU. HEe il
. S & - - tv Povor f the lichter slope
Showing & seving of 5.6 per cent in fevor of the lighter slope.
t o B, s A TS TS the acsma 1 Y&
The re of plot 1 and 2 whose slopes were the same ! ne

-

L e P o l00sened surface upon absory
used to show the influence of a loosened su ~

for instance, plot No.

an ineh while Plot No. 2
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