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A C K N O W L E D G E M E N T .

T h e  w o r k  d e s c r i b e d  I n  t h e  p a p e r  w a s  

c a r r i e d  o u t  a t  t h e  B u i l d i n g  B e s e a r c h  S t a t i o n  

o f  t h e  D e p a r t m e n t  o f  S c i e n t i f i c  a n d  I n d u s t r i ­

a l  R e s e a r c h ,  a n d  t h e  r e s u l t s  a r e  p u b l i s h e d  

b y  p e r m i s s i o n  o f  t h e  D i r e c t o r  o f  B u i l d i n g  

B e s e a r c h .

132

R E F E R E N C E S ;

1 )  S .  T i m o s h e n k o ,  " T h e o r y  o f  E l a s t i c i t y " ,  

M c G r a w - H i l l ,  N e w  T o r k ,  1 9 3 4 .

2 )  R . D .  M i n d l i n ,  " F o r c e  a t  a  P o i n t  i n  t h e  

I n t e r i o r  o f  a  S e m i - i n f i n i t e  S o l l d n ,  P h y s i c s ,  

1936, 2(5) ,  195-202.

S U B - S E C T I O N  I i

M I S C E L L A N E O U S

T H E  C O N C E P T  O F  S O I L  M O I S T U R E  D E F I C I T

R .  K.  S C H O F I E L D  A N D  H .  L .  P E N M A N  

R o t h a m s t e d  E x p e r i m e n t a l  S t a t i o n ,  H a r p e n d e n ,  H e r t s

W h e n  e v a p o r a t i o n  t a k e s  p l a c e ,  e i t h e r  

d i r e c t l y  f r o m  a  b a r e  s o i l  s u r f a c e  o r  f r o m  t h e  

l e a v e s  o f  p l a n t s  r o o t e d  i n  t h e  s o i l ,  w a t e r  i s  

w i t h d r a w n  f r o m  t h e  s o i l .  W a t e r  a p p l i e d  t o  t h e  

s o i l  s u r f a c e ,  o r  f a l l i n g  o n  i t  a s  r a i n ,  m u s t  

f i r s t  m a k e  g o o d  t h e  l o s s  d u e  t o  e v a p o r a t i o n  

b e f o r e  t h r o u g h  d r a i n a g e  o c c u r s .  N o  d o u b t  t h e  

b r o a d  t r u t h  o f  t h e  a b o v e  s t a t e m e n t  I s  g e n e r a l ­

l y  c o n c e d e d ,  b u t  i t  i s  n o t  e a s y  t o  c i t e  q u a n ­

t i t a t i v e  d a t a  f r o m  w h i c h  t h e  p r e c i s i o n  o f  t h e  

s t a t e m e n t  m a y  b e  j u d g e d .

1 .  S O I L  M O I S T U R E  D E F I C I T  I N  B A R E  S O I L .

A  r e c e n t  e x a m i n a t i o n  o f  t h e  r e c o r d s  o f  

t h e  R o t h a m s t e d  D r a i n  G a u g e s  ( P e p m a n  a n d  S c h o ­

f i e l d ,  1 9 4 1 )  h a s  b e e n  o f  v a l u e  i n  t h i s  c o n ­

n e c t i o n .  T h e s e  i n s t a l l a t i o n s  c o n t a i n  t h r e e  

b l o c k s  o f  u n d i s t u r b e d  s o i l ,  e a c h  l / l , 0 0 0 t h  

a c r e  ( 4  s q u a r e  m e t r e s )  i n  a r e a  a n d  r e s p e c t i v ­

e l y  2 0  i n .  ( 0 . 5  m e t r e s ) ,  4 0  i n .  ( 1  m e t r e )  a n d  

6 0  i n .  ( 1 . 5  m e t r e s )  d e e p .  T h e  s o i l  b l o c k s  r e s t  
o n  p e r f o r a t e d  p l a t e s ,  a n d  a r e  s e p a r a t e d  f r o m  

t h e  s u r r o u n d i n g  s o i l  b y  i m p e r m e a b l e  s i d e  w a l l s .  
C o l l e c t i n g  f u n n e l s  u n d e r  t h e  p e r f o r a t e d  p l a t e s  
l e a d  t h e  d r a i n a g e  w a t e r  i n t o  m e a s u r i n g  t a n k s .  

D a i l y  r e c o r d s  o f  d r a i n a g e  h a v e  b e e n  m a d e  s i n c e  

1 9 7 1  a n d  c o n t i n u o u s  r e c o r d i n g  g e a r  w a s  i n s t a l l ­

e d  i n  1 9 2 5 .  D u r i n g  t h e  w h o l e  p e r i o d  t h e  s o i l  
s u r f a c e s  h a v e  b e e n  k e p t  f r e e  o f  v e g e t a t i o n  b y  

h a n d - w e e d i n g .
I n  o r d e r  t o  i l l u s t r a t e  t h e  t y p e  o f  e v i d ­

e n c e  f u r n i s h e d  b y  t h e s e  d r a i n  g a u g e s ,  F i g .  1  

h a s  b e e n  p r e p a r e d  f r o m  t h e  a u t o m a t i c  t r a c e s  o f  

d r a i n a g e  a n d  r a i n f a l l  f o r  t h e  p e r i o d  J u l y  6 - 9 ,  

1 9 2 7 .  T h e  e f f e c t  o f  p r e v i o u s  e v a p o r a t i o n  f r o m  

t h e  b a r e  s o i l  s u r f a c e  i s  s h o w n  i n  t h e  d i f f e r ­

e n c e  b e t w e e n  r a i n f a l l  a n d  d r a i n a g e .  S i n c e  t h e  

" d i e  a w a y "  c u r v e s  f o r  t h e  d r a i n a g e  h a v e  a  f o r m  

t h a t  i s  c o n s t a n t  e x c e p t  f o r  a  s e a s o n a l  v a r i a ­

t i o n ,  i t  i s  p o s s i b l e  t o  e s t i m a t e  t h a t  t h e  r a i n ,  

t o t a l l i n g  0 . 7 6  i n . ,  t h a t  f e l l  u p  t o  n o o n  o n  

J u l y  7  w o u l d  h a v e  c a u s e d  a  t o t a l  d r a i n a g e  o f  

0 . 3 5  i n .  h a d  n o  m o r e  r a i n  f a l l e n  d u r i n g  t h e  

n e x t  4 8  h o u r s »  T h u s  w e  o b t a i n  a  v a l u e  o f  0 . 4 1  

i n .  f o r  t h e  s o i l  m o i s t u r e  d e f i c i t  e x i s t i n g  o n  
t h e  n i g h t  o f  J u l y  6  w h e n  r a i n  f i r 3 t  s t a r t e d  t o  

f a l l .  D r a i n a g e  i n  t h e  2 0  i n .  g a u g e . d i d  n o t  

s t a r t  u n t i l  0 . 4 5  i n .  o f  r a i n  h a d  f a l l e n .  T h i s  

i s  a  r e f l e c t i o n  o f  t h e  t i m e  t a k e n  f o r  w a t e r  t o  

m o v e  d o w n  f r o m  t h e  s u r f a c e  s u f f i c i e n t l y  t o  

p r o d u c e  t h e  p r e s s u r e  h e a d  n e e d e d  t o  c a u s e

7 Ju ly  8 Ju ly  9 Ju ly

T y p i c a l  c o n t i n u o u s  r e c o r d s  o f  r a i n f a l l  a n d  

d r a i n a g e  f r o m  B o t h a m s t e d  g a u g e s  ( J u l y ,  1 9 2 7 ) .

FIG.1

d r a i n a g e .  T w o  f u r t h e r  f a l l s ,  t o t a l l i n g  0 . 6 2  i n . ,  

c a u s e d  t h e  t o t a l  d r a i n a g e  i n  b o t h  t h e  2 0  i n .  

a n d  6 0  i n .  g a u g e s  t o  i n c r e a s e  t o  0 . 8 3  i n . ,  i n ­

d i c a t i n g  t h a t  t h e  s o i l  m o i s t u r e  d e f i c i t s  a t  t h e  

t i m e s  w h e n  t h e  t w o  r a i n s  b e g a n  t o g e t h e r  a m o u n t ­

e d  t o  0 . 1 4  i n .  T h i s  r e p r e s e n t s  t h e  a m o u n t  o f  

w a t e r  e v a p o r a t e d  f r o m  t h e  s o i l  s u r f a c e  d u r i n g  

J u l i  7 .  w h i c h  w a s  o n  t h e  w h o l e  s  s u n n y  d a y .  

T h e r e  i s ,  u n f o r t u n a t e l y ,  a  l e a k  t h r o u g h  w h i c h  

f o r e i g n  w a t e r  e n t e r s  t h e  4 0  i n .  g a u g e :  r e c o r d s  

f r o m  t h i s  g a u g e  a r e  u n r e l i a b l e .

I n  t h e  g r e a t  m a j o r i t y  o f  c a s e s  t h e  e s t i m ­

a t e s  o f  s o i l  m o i s t u r e  d e f i c i t  o b t a i n e d  i n  t h e s e  

t w o  w a y s  a r e  c o n s i s t e n t  a n d  g i v e  a m o u n t s  o f  
e v a p o r a t i o n  t h a t  a r e  r e a s o n a b l e .  F r o m  t i m e  t o  

t i m e ,  h o w e v e r ,  u s u a l l y  w h e n  s u d d e n  h e a v y  r a i n  

f a l l s  o n  a  d r y  s o i l  s u r f a c e ,  d r a i n a g e  o c c u r s  

b e f o r e  t h e  d e f i c i t  h a s  b e e n  f u l l y  m a d e  g o o d .  

T h u s  v e r y  h e a v y  r a i n  ( 0 . 1 7  i n .  +  0 . 9 3  i n . )  f e l l
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I n  t w o  p e r i o d s  d u r i n g  t h e  e v e n i n g  o f  A u g u s t  1 3 ,  

1 9 3 7 »  a n d  t h e  c o r r e s p o n d i n g  d r a i n a g e  w a s  0 . 3 8

13 Aug. 14 Aug. 16 Aug.

C o n t i n u o u s  r e c o r d s  s h o w i n g  d r a i n a g e  w h e r e  t h e r e  

w a s  s t i l l  a  s o i l  m o i s t u r e  d e f i c i t  ( A u g u s t , 1 9 3 7 )

FIG. 2

T h e r e  w a s  a  f u r t h e r  0 . 5 8  i n .  o f  r a i n  s p r e a d  
o v e r  a b o u t  1 2  h o u r s  o n  A u g u s t  1 4 ,  b u t  t h e  f u r ­

t h e r  d r a i n a g e  w a s  o n l y  0 . 4 4  i n .  A s  0 . 1 4  i n .  i s  

i m p r o b a b l y  h i g h  f o r  t h e  e v a p o r a t i o n  d u r i n g  t h e  

n i g h t  a n d  e a r l y  m o r n i n g  b e f o r e  r a i n  s t a r t e d  

a g a i n ,  p a r t  o f  i t  m u s t  b e  a t t i b u t e d  t o  t h e  

f a i l u r e  o f  t h e  e a r l i e r  h e a v y  r a i n  t o  w e t  t h e  

p r o f i l e  c o m p l e t e l y .  I t  c a n  a l s o  b e  s e e n  f r o m  

t h e  a u t o m a t i c  r e c o r d s  t h a t  t h e  f i r s t  d r a i n a g e  
a c t u a l l y  s t a r t e d  a t  a  t i m e  w h e n  t h e r e  w a s  

s t i l l  a  s o i l  m o i s t u r e  d e f i c i t  o f  s o m e  0 . 5  i n .  

M o s t  o f  t h i s  w a s  m a d e  g o o d  b y  t h e  r e s t  o f  t h e  

r a i n  o f  A u g u s t  1 3 ,  w h i c h  w a s  m o r e  g e n t l e  t o ­

w a r d s  t h e  e n d ,  b u t  a  s m a l l  r e s i d u e  s t i l l  r e ­

m a i n e d  u n s a t i s f i e d  w h e n  t h i s  r a i n  c e a s e d .

T h e  r e c o r d s  o f  t h e  s u m m e r  o f  1 9 2 1  a r e  o f  

s p e c i a l  i n t e r e s t .  T h r e e  m o n t h s  o f  a l m o s t  c o n ­

t i n u o u s  d r o u g h t  e n d e d  e a r l y  i n  S e p t e m b e r  w h e n  

2 . 0  i n .  o f  r a i n  f a l l  s t e a d i l y  d u r i n g  o n e  d a y .  

T h e  w e a t h e r  a g a i n  b e c a m e  f i n e ,  a n d  d r a i n a g e  

c e a s e d  f e f t e r  0 . 7 0 ,  0 . 6 3  a n d  0 . 5 9  i n .  h a d  b e e n  
c o l l e c t e d  f r o m  t h e  2 0 ,  4 0  a n d  6 0  i n c h  g a u g e s  

r e s p e c t i v e l y .  U n d e r  t h e s e  e x c e p t i o n a l l y  f a v o u i > -  

a b l e  c o n d i t i o n s  i t  w a s  p o s s i b l e  t o  e v a l u a t e  

r a t h e r  p r e c i s e l y  t h e  s o i l  m o i s t u r e  d e f i c i t s  

a s  1 . 3 0 ,  1 . 3 7  a n d  1 . 4 1  i n .  r e s p e c t i v e l y .  P r o m  

t h e  l o n g  s e r i e s  o f  r e c o r d s  i t  i s  p o s s i b l e  t o  
o b t a i n  t h e  s o i l  m o i s t u r e  d e f i c i t s  d e v e l o p e d  

b y  s u r f a c e  e v a p o r a t i o n  d u r i n g  d r y  p e r i o d s  o f  

v a r i o u s  l e n g t h s  u n d e r  d i f f e r e n t  w e a t h e r  c o n ­

d i t i o n s .  T h e  f i g u r e s  g i v e n  i n  T a b l e  I  a r e  r e ­

p r e s e n t a t i v e  o f  s o i l  m o i s t u r e  d e f i c i t s  p r o d u c ­

e d  b y  e v a p o r a t i o n  f r o m  b a r e  s o i l  a t  R o t h a m s t e d  

i n  s u m m e r .  B r i e f l y ,  i t  m a y  b e  s a i d  t h a t  t h e

f i r s t  h a l f  i n c h  o f  d e f i c i t  i s  p r o d u c e d  i n  3  t o

5  d a y s ,  d e p e n d i n g  m a i n l y  o n  t h e  a m o u n t  o f  s u n ­

s h i n e ,  t h e  d e f i c i t  o n l y  r e a c h e s  o n e  i n c h  a f t e r  

s e v e r a l  w e e k s ,  a n d  e v e n  i n  t h r e e  m o n t h s  d i d  

n o t  r e a c h  1 . 5  i n .

C o m p a r e d  w i t h  o t h e r  d r a i n  g a u g e s ,  t h o s e  

a t  R o t h a m s t e d  a r e  p e c u l i a r l y  f a v o u r a b l e  f o r  t t i e  

d e t e r m i n a t i o n  o f  s o i l  m o i s t u r e  d e f i c i t s  o w i n g  

t o  t h e  r a p i d i t y  w i t h  w h i c h  d r a i n a g e  d i e s  a w a y  

a f t e r  r a i n .  T h i s  i s  p a r t l y  b e c a u s e  t h e  s o i l  o f  

t h e s e  g a u g e s  i s  i n  i t s  n a t u r a l  s t r u c t u r e .  T h u s  

t h e  b a r e  s o i l  g a u g e  a t  t h e  C a m b r i d g e  W a t e r  

W o r k s  a t  F l e a m  D y k e ,  o f  r a m m e d  c h a l k  f i l l e d - i n ,  

m a y  r u n  f o r  t h r e e  w e e k s  a f t e r  r a i n .  T h e  d r a i n  

g a u g e s  a t  C r a i b s t o n e ,  A b e r d e e n  a n d  a t  P u s a  a n d  

C a w n p o r e ,  I n d i a ,  w e r e  a l l  b u i l t  r o u n d  u n d i s ­

t u r b e d  s o i l  b u t  t h e s e  t o o  g i v e  a  s l o w e r  d i e -  

a w a y  t h a n  t h e  R o t h a m s t e d  g a u g e s ,  s h o w i n g  t h a t  

n a t u r a l  s o i l s  d i f f e r  c o n s i d e r a b l y  i n  t h i s  

r e s p e c t .

2 .  S O I L  M O I S T U R E  D E F I C I T  I N  C R O P P E D  S O I L .

I t  m i g h t  b e  t h o u g h t  t h a t  s o i l  m o i s t u r e  

d e f i c i t s  I n  s o i l s  c a r r y i n g  g r a s s ,  arable c r o p s ,  

o r  e v e n  f o r e s t ,  c o u l d  r e a d i l y  b e  d e t e r m i n e d  b y  

f i n d i n g  t h e  m o i s t u r e  c o n t e n t s  o f  s o i l  s a m p l e s  

t a k e n  t o  t h e  d e p t h  o f  r o o t  p e n e t r a t i o n ,  a n d  

u s i n g  f o r  c o m p a r i s o n  s i m i l a r  samples taken at 
a  t i m e  w h e n  t h e  s o i l  m o i s t u r e  d e f i c i t  c o u l d  b e  

t a k e n  a s  z e r o .  I n  p r a c t i c e  t h i s  m e t h o d  c a n  o n l y  

b e  a p p l i e d  w i t h  a d v a n t a g e  i n  p l a c e s  w h e r e  t h e  

s o i l  i s  e x c e p t i o n a l l y  u n i f o r m ,  a s  i s  the c a s e  

i n  T o u n g m a n s  P a s t u r e  o n  t h e  C a m b r i d g e  U n i v e r ­

s i t y  F a r m .  F r o m  r e p e a t e d  s a m p l i n g s  a n d  o b s e r v ­

a t i o n s  o n  t h e  p e r f o r m a n c e  o f  f i e l d  d r a i n s  M r .  

H . H .  N i c h o l s o n  a n d  h i s  s t u d e n t s  h a v e  s e c u r e d  

v a l u a b l e  d a t a  f r o m  w h i c h  t h e  t o t a l  s o i l  m o i s t ­

u r e  d e f i c i t  a n d  i t s  d i s t r i b u t i o n  w i t h  d e p t h  

h a v e  b e e n  o b t a i n e d  o n  m o r e  t h a n  a  d o z e n  o c c a ­

s i o n s  d u r i n g  s e v e r a l  s e a s o n s .  S o m e  o f  t h e s e  

d a t a  a r e  u s e d  i n  a  l a t e r  s e c t i o n  a n d  a r e  i n ­

c l u d e d  i n  F i g .  4 .

A t  R o t h a m s t e d  t h e  s o i l  i s  n o t  u n i f o r m  

e n o u g h  f o r  t h e  s a m e  m e t h o d  t o  b e  a p p l i e d ,  a n d  

a  n e w  t e c h n i q u e  h a s  b e e n  d e v e l o p e d .  T h e  s o i l  

s a m p l e s  a r e  t a k e n  i n  t h e  f o r m  o f  " c l o d s "  i n  

t h e i r  f i e l d  s t r u c t u r e ,  a r e  i m m e d i a t e l y  w e i g h e d ,  

a n d  a r e  t h e n  a l l o w e d  t o  t a k e  u p  m o i s t u r e  i n  

t h e  l a b o r a t o r y  a g a i n s t  a  c o n t r o l l e d  " s u c t i o n "  

o f  5 0  c m .  o f  w a t e r  ( p F  1 - 7 ) .  C l o d s  t a k e n  i n  
w i n t e r ,  w h e n  t h e  s o i l  m o i s t u r e  d e f i c i t  w a s  

c o n s i d e r e d  t o  b e  z e r o ,  n e i t h e r  l o s t  n o r  g a i n e d  

w e i g h t  o n  t h e  a v e r a g e  u n d e r  t h e s e  c o n d i t i o n s .  
C l o d s  o f  t h e  s a m e  s i z e  t a k e n  f r o m  t h e  s a m e  

d e p t h  d i d  n o t  a l l  t a k e  u p  e x a c t l y  t h e  s a m e  

a m o u n t  o f  w a t e r  i n  t h e  l a b o r a t o r y ,  b u t  a  f a i r ­

l y  a c c u r a t e  m e a s u r e  o f  t h e  s o i l  m o i s t u r e  d e f ­
i c i t  c o u l d  b e  o b t a i n e d  f r o m  t h e  m e a n  o f  t h e  
r e s u l t s .

3 .  E V A P O R A T I O N  F R O M  G R A S S  A N D  O P E N  W A T E R .

S e e i n g  t h a t  a n y  m e t h o d  b a s e d  o n  t h e  e x a m i n a t i o n  

o f  s o i l  s a m p l e s  i s  v e r y  l a b o r i o u s  i t  i s  f o r t u n ­

a t e  t h a t  s o i l  m o i s t u r e  d e f i c i t s  u n d e r  v e g e t ­
a t i o n  c a n  b e  o b t a i n e d  t o  a n  a c c u r a c y  t h a t  

w i l l  b e  s u f f i c i e n t  f o r  m a n y  p r a c t i c a l  p u r p o s ­
e s  b y  a n  i n d i r e c t  m e t h o d  b a s e d  o n  e s t i m a t e s  

o f  e v a p o r a t i o n .  T h i s  e s t i m a t e  i s  p o s s i b l e  b e ­

c a u s e  t h e  e v a p o r a t i o n  f r o m  a  g r e e n  c r o p  t h a t

IT A B L E

T y p i c a l  s o i l  m o i s t u r e  d e f i c i t s  b u i l t  u p  

d u r i n g  r a i n - f r e e  p e r i o d s  i  n  R u m m e r ;  

b a r e  s o i l  a t  R o t h a m s t e d

L e m r t h  o f  n e r i o d  ( d a v s ) 2 5 1 0 2 0 3 0 4 0

D e f i c i t  ( i n c h e s ) 0 . 3 0 0 . 5 0 0 . 6 5 0 . 8 0 0 . 9 0 1 . 0 0
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effectively covers the soil and is not short 
of water depends on the weather but not on 
the height or rate of growth of the crop so 
long as it remains green. The truth of this 
statement has been proved by experiments at 
Rothamsted in which grass growing in soil 
tanks sunk flush with the surrounding grass 
covered soil has been continually supplied 
with water from a water table at 16 in. (40 cm) 
Each soil tank is in communucation with a 
covered reservoir in which the water level is 
accurately measured. During rainless periods 
in summer a small moisture deficit develops 
in the top few inches of soil above the capil­
lary fringe, but during a normal summer rain 
is sufficiently frequent and plentiful to 
wipe this out at times and cause a rise in 
the water table. From the records we know the 
net amount of water that was added to the 
reservoir (or taken from it) between two such 
occasions in order to keep the water at the 
standard level. In this way a measure is 
obtained of the excess of evaporation over 
rainfall for each interval between rises of 
the water table. The accumulated excess for 
the summers of 1944 and 1945 are plotted in 
Fig. 3.

Accumulated excess over rainfall of evaporation 
from sub-irrigated grass at Rothamsted.

FIG. 3

Alongside the soil tanks is an open water 
surface. The correspondence between the evapor­
ation from the grass and the same area of open 
water is so close that the weather must be 
the controlling influence in both cases. The 
actual ratio is not fixed, but exhibits a 
seasonal trend. Values of the ratio appear in 
Table II. It is possible, therefore, to make 
a close estimate of the evaporation that would 
have taken place from grass plentifully sup­
plied with water if the records are available 
for the evaporation from a well sited water 
surface.

At the Harrogate Water Works, situated 
at 549 ft. on Blubherhouses Moor, there is a 
grass-covered drain gauge and an open water 
evaporimeter alongside. Rain is sufficiently 
frequent to make it likely that the grass is 
rarely short of water and the records can be 
used to provide a check on the considerations 
of the foregoing paragraph. The monthly 
amounts of evaporation from the open water

TABLE II

Comparison of ast-l muted evaporation from grass 

with excess of rainfall over drainage.

Uonth
Eo
in.

f E f 
0 
in.

Jan.
Feb.
Mar.
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Year

0.41
0.45
0.98
1.78
2.71
3.28
3.38

2.73
1.94

1.25
0.62
0.4?

19.96

0.6
0.6

0.7
0.7
0.8
0.8
0.8
0.8

0.7
0.7
0.6
0.6

0.25
0.27
0.68

1.25
2.18
2.62
2.70
2.17
1.36
0.88
0.38
0.26

15.00

EQ = mean evaporation from open water.

EQf = estimated mean evaporation from grass.

inches

Mean annual rainfall 30.64
Mean annual drainage . 15.45.

Difference 15.19

surface, entered under E0 in Table II are the 
means for 21 years up to 1943* The factors 
under f were obtained from the observations 
at Rothamsted. The entries under Epf are, 
therefore, estimates of mean monthly evapor­
ation from the grass-covered drain gauge, 
which total 15.0 inches for the whole year.
This estimate is in close agreement with the 
mean excess of annual rainfall over annual 
drainage which was 15*2 in. for the same 21 
years.

Even when the evaporation from open water 
has not been observed on the site it is poss­
ible, with the aid of recent developments in 
the theory of evaporation, to make a close 
estimate of open water evaporation from records 
of hours of sunshine, mean wind speed, mean 
air temperature and dew-point (Penman, 1948).

Soil Moisture Deficit Obtained from Estimates 
of Evaporation.

In arriving at an estimate of the soil 
moisture deficits in places where rainfall is 
often insufficient to maintain full evapora­
tion from grass, it seems reasonable to assume 
that until the soil moisture deficit has reach­
ed a value, C, the evaporation is that for a 
plentiful water supply, but that for deficits 
greater than C the evaporation falls progress­
ively below that for plentiful supply.

The result of an attempt to estimate the 
trend of the deficit during summer appears in 
Fig. 4. Details are being published elsewhere, 
but it should be noted that the value of C 
was chosen empirically to have slightly higher 
values for years in which a dry spring would 
encourage root developments. A successful 
estimate of C would result in the estimated 
deficit being reduced to zero when the soil 
reached field capacity in the autumn: in Fig. 4 
the return to zero deficit is represented by
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the onset of autumn running of the field 
drains.

It is both reasonable and necessary to 
consider that C depends on the character of 
the soil, the nature (mainly the rooting 
habit) of the crop and perhaps the nature of 
the growing weather early in the year. Table
III gives the values of C for a number of 
grass-covered surfaces together with the dates 
and amounts of the largest soil moisture 
deficits.
In some cases the distribution of rain throu^i- 
out the year prevented large deficits from 
being built up and the readily available water 
can only be stated to be at least as great as 
the maximum estimated deficit. Otherwise the 
value of C for grass surfaces appears to be 
about 3 or 4 in. The large value (6.0) deduced 
for the 48 in. deep gauge at Farlington is 
unexpected. It may reflect the properties of 
disintegrated chalk studied recently by Locket 
(1946), but further investigation is needed to 
elucidate this case.

4. DIFFICULTY IIT SANDY SOILS.

The clay soil of the Cambridge University 
Farm is favourable for studies of soil moist­
ure deficit because of the rapidity with which 
the discharge of the mole drainage system dies 
away after rain. Here it is easy to disting­
uish the times when the soil moisture deficit 
is zero. It is, however, much harder to do 
this when the soil is sandy with a deep water 
table. In such cases downward movement of 

in grassland at Cambridge. Thick horizontal lines water may persist below the level of root 
ahow when the field drains were running.Open penetration throughout the year, although the
circle show values of deficit measured by soil rate of movement varies considerably. Where 
sampling (1933-34). this occurs there is no state of moisture that

FIG. 4

TABLE III

Value of Readily Available Water, and Mas-imum 

Water Deficit for Grass-Covered Surfaces (Inches).

Site Nature of surface Year Readily 
available 
water (C)

Max.

deficit

Date of mn-iri mum 

deficit

Craibstone, 
Aberdeen

Turfed gauge, 40 in. deep 
granitic soil, undisturb­
ed

1938 > 1 . 5 1.5 August

Harrogate,
Yorks

Turfed gauge, 36 in.deep, 
clay soil, filled in

1921
1941
1942

2.0
> 2 . 8

>1.7

3.6 
2.8

1.7

July 
July 

June, July

University
Farm,
Cambridge

Pasture on clay mole- 
drained

1933
1934 

1939

3.0
3.2

2.7

4.7
5-2

4.3

September
August
August

Harpenden,
Herts

Catchment area 
clay over chalk

1944 3.5 4.7 June

Compton,
Sussex

Crassed gauge, 36 in deep 
chalk filled in

1933
1934

4.0
3.0

5.5
4.6

August
July

Farlington,
Hants.

Grassed gauge,24 in. deep 
chalk filled in 
Ditto 48 in. deep

1933
1934

1933)
1934)

2.0
2.0

6.0

3.9

3.5
7.5 
7.3

Aiigust 
June, July,Aug. 

August 
Juli, August

I-1-1-1-1-1-1-r-1-r-■-1-r-1-1-1 -r
I J F M A M j l j  A s ' o  N DI J  F m ' a  M

|J.F.MiA.M.J|J.A.S,O.N.D1J.F.M|A.M. 

Estimated and observed soil moisture deficits
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can be uniquely identified as the condition of 
zero deficit, although it may be possible to 
select a condition more or less arbitrarily 
which will serve as a zero of reckoning for 
practical purposes.
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