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PREFACE 

The r e s e a r c h  i n t e r e s t s  o f  t h e  R e s o u r c e s  and  Envi ronment  

Area  s p a n  t h e  b a s i c  e n v i r o n m e n t a l  r e s o u r c e s - - w a t e r ,  a i r ,  m i n e r a l  

r e s o u r c e s ,  and l a n d .  The e x i s t i n g  Tasks  w i t h i n  t h e  Area concen-  

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

"Env i ronmen ta l  Problems o f  A g r i c u l t u r e , "  which  is  a s s o c i a t e d  

w i t h  t h e  Food a n d  A g r i c u l t u r e  Program a s  w e l l  a s  t h e  R e s o u r c e s  

and  Environment  Area ,  d e a l s  w i t h  s o i l  and  w a t e r - r e l a t e d  i m p a c t s  

o f  a g r i c u l t u r e .  

A g r i c u l t u r a l  a c t i v i t y  r e q u i r e s  f rom o n e  q u a r t e r  t o  o n e  t h i r d  

o f  t h e  i c e - f r e e  l a n d  s u r f a c e  i n  t h e  w o r l d ,  and h a s  become a  m a j o r  

f a c t o r  i n f l u e n c i n g  n a t u r a l  r e s o u r c e s  a n d  t h e  env i ronmen t .  The 

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

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

more o f t e n  t h e s e  e f f e c t s  a r e  u n f a v o r a b l e .  A t  IIASA, t h e  e n v i r o n -  

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

s p a t i a l  r e s o l u t i o n ,  f rom t h e  f i e l d  t o  t h e  g l o b a l  l e v e l .  The i m -  

p a c t s  a r e  a l s o  s t u d i e d  f rom v a r i o u s  t i m e  p e r s p e c t i v e s .  T h i s  

p a p e r  a s s e s s e s  c h a n g e s  i n  s o i l  e r o s i o n  d u e  t o  a g r i c u l t u r e  t h rough-  

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

c u l t u r a l  p e r i o d  t o  t h e  p r e s e n t ,  and  o n  t o  t h e  f u t u r e ,  when a l l  

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



AGRICULTURE AND WATER EROSION 
OF SOILS: A GLOBAL OUTLOOK 

Gennady N.  Golubev 

INTRODUCTION 

The w a t e r  e r o s i o n  o f  soi ls  is  p e r h a p s  t h e  most  d e t r i m e n t a l  

consequence  o f  a g r i c u l t u r e .  The t r a n s f o r m a t i o n  o f  a n  area w i t h  

n a t u r a l  v e g e t a t i o n  i n t o  c r o p l a n d  u s u a l l y  l e a d s  t o  a jump i n  t h e  

r a t e  o f  s o i l  e r o s i o n ,  and  as  a r e s u l t ,  s o i l  f e r t i l i t y  d e c r e a s e s ,  

s e d i m e n t s  d e t e r i o r a t e  water q u a l i t y  and  d i s r u p t  t h e  n a t u r a l  c o u r s e  

o f  s e d i m e n t a t i o n  i n  water b o d i e s ,  and f u r t h e r m o r e ,  t h e  n u t r i e n t s  

t r a n s p o r t e d  w i t h  s e d i m e n t s  a lso d e c r e a s e  water q u a l i t y .  

I n  t h e  USSR, s o i l s  s u s c e p t i b l e  t o  e r o s i o n  occupy a t  l eas t  

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

t h e  c o u n t r y .  C c n s i d e r a b l y  e r o d e d  s o i l s ,  where  y i e l d s  a r e  40% 

t h a t  o f  t h e  normal  amount,  occupy 5  m i l l i o n  h e c t a r e s  ( Z a s l a v s k y ,  

1 9 7 9 ) .  Using b o t h  t h e  d a t a  o f  M. Zas l avsky  (1979)  and  d a t a  on  

g r a i n  y i e l d s  i n  t h e  USSR, w e  c a n  s t a t e  t h a t ,  on a n a t i o n w i d e  

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

c r e a s e d  t h r o u g h o u t  t h e  h i s t o r y  o f  c r o p  p r o d u c t i o n  by o n e  q u a r t e r  

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

i s  d u e  t o  s o i l  e r o s i o n .  

F o r  t h e  l as t  200 y e a r s  i n  t h e  USA, a b o u t  one  t h i r d  o f  t h e  

t o p s o i l  h a s  washed away and  n a t u r a l  p r o d u c t i v i t y  d e c r e a s e d  by 

10-15% ( P i m e n t e l ,  1 9 7 9 ) .  About 64 p e r c e n t  o f  t h e  U.S. c r o p l a n d  

n e e d s  p r o t e c t i o n  from e r o s i o n .  S o i l  e r o s i o n  i n  t h e  USA p r e s e n t l y  

c a r r i e s  away 46 m i l l i o n  t o n n e s  o f  n u t r i e n t s  ( N , P , K )  p e r  y e a r ,  



whereas on ly  18.3 m i l l i o n  tonnes  o f  f e r t i l i z e r s  ( N ,  P ,  K )  w e r e  

a p p l i e d  (Crosson and F r e d e r i c k ,  1977) .  Sediment t r a n s p o r t  i n  

t h e  u.S. r i v e r s  i s  3.6 b i l l i o n  tonnes  a  y e a r ,  abou t  h a l f  o f  which 

i s  a s c r i b e d  t o  e r o s i o n  o f  a g r i c u l t u r a l  l a n d s  ( "Con t ro l  o f  Water 

P o l l u t i o n , "  1976) . 
While t h e  s i t u a t i o n  o f  s o i l  e r o s i o n  and s ed imen ta t i on  i n  

deve lop ing  c o u n t r i e s  is  n o t  a s  w e l l  s t u d i e d  a s  i n  developed 

c o u n t r i e s ,  it i s  a p p a r e n t l y  no b e t t e r  (Eckholm, 1976) .  

The f a c t s  show t h a t  a g r i c u l t u r e  i s  t h e  major  a g e n t  respon- 

s i b l e  f o r  s o i l  e r o s i o n .  I n  Tab le  1 ,  t h e r e  i s  d a t a  on s o i l  e r o s i o n  

from v a r i o u s  t e r r a i n s  i n  New York S t a t e ,  a s  compiled from R. 

H i l l i a r d  (1977 ) .  These d a t a  account  f o r  88% of  t h e  s t a t e ' s  a r e a .  

A p a r t  o f  t h e  remaining 12% o f  t h e  a r e a  c o n s i s t s  o f  c o n s t r u c t i o n  

s i tes  (w i th  an  a r e a  unknown t o  u s ) ,  b u t  w i t h  t h e  h i g h e s t  s p e c i f i c  

e r o s i o n .  

Tab le  1 .  Sources  o f  w a t e r  e r o s i o n  o f  s o i l s  i n  N e w  York S t a t e .  

Land U s e  Area S p e c f i c  e r o s i o n  Gross  e r o s i o n  
P a t t e r n  lo6 h a  t o n n e s / h a / y r  m i l l  i o n  t o n n e s  p e r c e n t  

Cropland:  

Needing c o n s e r v a t ~ o n  0.8 1 6 . 8  13 .4  50  

Adequate  t r e a t m e n t  1 .2  2 .8  3 .4  1 3  

P a s t u r e  0 . 6  2 .2  1 . 3  5 

Woodland 6 . 7  (1 .O) * 6 .7  2 5 

Urban 0 . 6  3.4 2 .O 7 .................................................................. 
T o t a l  9.9 2 .7  26.8 100 

* 
F i g u r e  t a k e n  by t h e  a u t h o r .  

Cropland a r e a s  i n  New York accoun t  f o r  63 p e r c e n t  o f  s o i l  

e r o s i o n ,  w h i l e  occupying o n l y  20 p e r c e n t  o f  t h e  a r e a  i n  q u e s t i o n .  

I n  Obion-Forked D e e r  R ive r  Bas in ,  Tennessee,  where n a t u r a l  

c o n d i t i o n s  a r e  q u i t e  conducive  t o  s o i l  e r o s i o n ,  c rop l and  c r e a t e s  



71 p e r c e n t  o f  e r o s i o n  a l t h o u g h  occupy ing  o n l y  4 6  p e r c e n t  o f  t h e  

area, ( T a b l e  2 ,  d a t a  a d a p t e d  from E. Dyer,  1977)  . 

T a b l e  2.  S o u r c e s  o f  w a t e r  e r o s i o n  o f  s o i l s  i n  Obion-Forked Deer 
R i v e r  B a s i n ,  Tennessee .  

Land U s e  Area Spec i f i c  erosion,  Gross erosion 
Pat tern  103 ha tonnes/ha/yr mi l l ion  tonnes percent  

Cropland 312 86.4 27 .O 71 

Grassland 150 5.6 

Woodland 136 6.3 0.9 2 

I d l e  19 4.7 0.1 0 

Other* 49 190 9 .3  2 5 

Urban 19 4.7 0 . 1  0 ............................................................................. 

Total 685 11.2 38.2 100 

* 
Gullies,  streambanks, roadbanks, leaves,  and mines 

The r e a c t i o n  o f  s o i l s  t o  e r o s i o n  b e c a u s e  o f  t h e  s h i f t  from 

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

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

e tc .  For  example,  t h e  c o u n t e r e r o s i v e  c a p a c i t y  o f  s o i l  depends  o n  

i t s  humus c o n t e n t ,  c a r b o n a t e s  c o n t e n t , .  and  c o n t e n t  o f  c a t i o n s  

i n  t h e  a b s o r b i n g  complex, and mechanic  and a g g r e g a t e  c o m p o s i t i o n .  

Each g e n e t i c  t y p e  o f  s o i l  h a s  a  t y p i c a l  se t  o f  p a r a m e t e r  v a l u e s ,  

composed from t h e  l i s t  ment ioned  above .  The most  e r o s i o n - p r o o f  

s o i l s  i n  t h e  R u s s i a n  P l a i n  are chernozems,  b e c a u s e  t h e y  have  t h e  

b e s t  se t  o f  t h e s e  p a r a m e t e r s .  Both n o r t h  and s o u t h  o f  t h e  cherno-  

zem zone,  t h e  d e g r e e  o f  t h e  s o i l  s t a b i l i t y  a g a i n s t  e r o s i o n  de- 

c r e a s e s  ( Z a s l a v s k y ,  1 9 7 9 ) .  

Podzol- Sod-PodzolcGrey Forest-Chernozem - Chestnut - Sierozem 
S o i l  

N - d e c l i n i n g  - - d e c l i n i n g  - S 



Within t h e  chernozem zone, t h e  deg ree  o f  e ros ion-proof  s t a b i l i t y  

d imin i she s  i n  t h e  fo l l owing  succe s s ion :  t y p i c a l  chernozem 

l eached  chernozem podzo l i c  chernozem I, o r d i n a r y  chernozem- 

ca rbona t e  chernozem s o u t h e r n  chernozem. S i m i l a r  series 

e x i s t  f o r  o t h e r  g e n e t i c  t y p e s  o f  s o i l s  (Zas lavsky ,  1979) .  

I t  shou ld  be  mentioned t h a t  t h e  r a t e  o f  e r o s i o n  i s  a f f e c t e d  

by topography a s  w e l l  a s  t h e  g e n e t i c  t y p e  o f  s o i l .  For  i n s t a n c e ,  

many chernozem s o i l s  o f  t h e  Russ ian  P l a i n  do n o t  have a topography 

f a v o r a b l e  t o  s o i l  c o n s e r v a t i o n ,  and d e s p i t e  t h e  e x c e l l e n t  e ros ion-  

proof  c o n d i t i o n s  c r e a t e d  by t h e  s o i l s '  g e n e t i c  makeup, t h e  r a t e  

o f  e r o s i o n  can  b e  h i g h .  

The p r i n c i p a l  q u e s t i o n  d i s c u s s e d  i n  t h i s  paper  is: what is 

t h e  p r e s e n t  i n c r e a s e  i n  wa t e r  e r o s i o n  o f  s o i l s  a s  compared w i t h  

p r e a g r i c u l t u r a l  t i m e ,  and what can  one  e x p e c t  i n  t h e  f u t u r e  when 

a l l  s u i t a b l e  l a n d s  a r e  used f o r  c rops?  Th i s  q u e s t i o n  shou ld  b e  

answered n o t  o n l y  on a g l o b a l  s c a l e ,  b u t  a l s o  f o r  p a r t i c u l a r  sets 

o f  n a t u r a l  c o n d i t i o n s  t a k i n g  i n t o  accoun t  d i f f e r e n c e s  i n  s o i l  

e r o s i o n  r a t e s  r e l a t e d  t o  d i f f e r i n g  c l i m a t e ,  s o i l ,  and topography.  

THE MODEL DESCRIPTION 

To answer t h e s e  q u e s t i o n s ,  a s imp le  model was developed:  

n a t  
E = ~ x E ~  Ana t  + b x k x ~ ~  nat x A 

a g r  

where E is  g r o s s  s o i l  e r o s i o n  i n  a p a r t i c u l a r  t y p e  o f  l andscape ,  

i n  tonnes  p e r  y e a r ;  i s  s p e c i f i c  n a t u r a l  s o i l  e r o s i o n  i n  a Er 
p a r t i c u l a r  t y p e  o f  l andscape ,  i n  t onnes  p e r  sq.km. p e r  yea r ;  

b i s  t h e  r a t i o  o f  n a t u r a l  e r o s i o n  i n  mountains compared t o  n a t u r a l  

e r o s i o n  i n  lowlands;  Aria t and A 
a r e  a r e a s  o f  n a t u r a l  vegeta-  

a g r  
t i o n  and c rop l and ,  r e s p e c t i v e l y ,  i n  sq.km.; and k i s  t h e  r a t i o  o f  

s p e c i f i c  s o i l  e r o s i o n  from c rop l and  compared t o  t h a t  from n a t u r a l  

a r e a s .  

The f i r s t  component i n  t h e  e q u a t i o n  ( 1 )  r e p r e s e n t s  s o i l  e ro -  

s i o n  from a r e a s  w i t h  n a t u r a l  v e g e t a t i o n ;  t h e  second does s o  f o r  

c rop l and  a r e a s .  To make t h e  computa t ions  s i m p l e r ,  t h e  e q u a t i o n  

( 1 ) was t rans formed  i n t o :  

n a t  E = b x E r  [ A t o t  + A x (k  - 111 ( 2  ) 
a g r  

where Atot i s  t h e  t o t a l  a r e a  o f  t h e  t e r r i t o r y  i n  q u e s t i o n .  



A p rocedure  developed t o  compute t h e  w a t e r  e r o s i o n  o f  s o i l s  

on t h e  b a s i s  o f  e q u a t i o n  ( 2 )  is p r e s e n t e d  a s  a f low c h a r t  in Fig. I .  

The f o l l o w i n g  i s  a  d i s c u s s i o n  o f  t h e  p rocedure .  

An i m p o r t a n t  i n p u t  t o  t h e  model would b e  t h e  g l o b a l  p i c t u r e  

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

n o t  y e t  been g a t h e r e d .  T h e r e f o r e ,  a  r e l a t i o n s h i p  ,of sed iment  

y i e l d  dependent  on cl imatic f a c t o r s  ( o b t a i n e d  by G. Dury, 1969) 

was used i n s t e a d  ( c i t e d  from J. O l i v e r ,  1 9 7 3 ) .  The r e l a t i o n s h i p ,  

a d a p t e d  f o r  t h e  p u r p o s e s  o f  t h i s  paper ,  i s  r e p r e s e n t e d  i n  F i g .  2. 

E f f e c t i v e  p r e c i p i t a t i o n ,  t h a t  i s ,  p r e c i p i t a t i o n  minus s u r f a c e  

r u n o f f ,  i s  r e p r e s e n t e d  o n  t h e  h o r i z o n t a l  a x i s  o f  t h e  f i g u r e .  

Mean a n n u a l  a i r  t e m p e r a t u r e  s e r v e s  a s  a  pa ramete r .  The f i g u r e  

shows t h a t ,  under  t h e  same t h e r m a l  c o n d i t i o n s ,  s o i l  w a t e r  e r o s i o n  

i s  minimal where e f f e c t i v e  p r e c i p i t a t i o n  is  h i g h  (because  vege- 

t a t i o n  i s  abundant  and p r o t e c t s  t h e  s o i l ) ,  o r  l o w  (because  t h e  

d e f i c i t  o f  water p r e v e n t s  de tachment  o f  s o i l  p a r t i c l e s ) .  T h i s  

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

maximum and minimum l i m i t s  o f  e r o s i o n .  But  it does  p r o v i d e  an  

a g g r e g a t e d  r e p r e s e n t a t i o n  o f  sed iment  y i e l d  a s  a  f u n c t i o n  of  

c l i m a t i c  p a r a m e t e r s .  

I t  was d i s c u s s e d  i n  p r e v i o u s  p u b l i c a t i o n s  (Golubev e t  a l . ,  

1978; Golubev, 1980) t h a t  t h e  dependence o f  many n a t u r a l  phenom- 

ena  o n  such  c l i m a t o l o g i c a l  f a c t o r s  as n e t  s o l a r  r a d i a t i o n  "R" 

and p r e c i p i t a t i o n  " r "  can  b e  shown. P r e c i p i t a t i o n  "r" i s  ex- 

p r e s s e d  i n  r e l a t i v e  terms o f  t h e  s o l a r  ene rgy  needed t o  e v a p o r a t e  

it: - Here L i s  t h e  l a t e n t  h e a t  o f  e v a p o r a t i o n .  The g r e a t e r  
L r  ' 

t h e  r a t i o  - t h e  h i g h e r  is  t h e  d e g r e e  o f  a r i d i t y  i n  t h e  a r e a  
L r  

i n  q u e s t i o n .  A method was developed t o  r e p r e s e n t  t h e  c o n t e n t  o f  
- 

R - F i g .  2  i n  c o o r d i n a t e s  o f  R and - 
L r  ' 

E f f e c t i v e  p r e c i p i t a t i o n  Pef a s  a f u n c t i o n  o f  - R i s s h o w n  L r  
i n  F i g .  3 .  The p i c t u r e  was c o n s t r u c t e d  o n  t h e  b a s i s  o f  t h e  d a t a  

t a k e n  from Tab le  19 o f  M. Lvov i t ch  (1974) .  I t  w a s  assumed t h a t  

Pef = P  - R = U + E  where P  i s  p r e c i p i t a t i o n ;  Rs is s u r f a c e  
S 

r u n o f f ;  U i s  underground r u n o f f ;  E  i s  e v a p o r a t i o n .  

A i r  t e m p e r a t u r e  to is  d e s c r i b e d  a s  a f u n c t i o n  o f  n e t  s o l a r  

r a d i a t i o n  "R":  



F i g u r e  1 .  A p r o c e d u r e  t o  compute w a t e r  e r o s i o n  o f  s o i l s .  

pp 

TOTAL EROSION 

. 
E P ~ .  

Agric. impact, k = - (USLE, 1979) 
E : 

Land resources = 
R 

= f(R.i;.T) 

(Rozov e t  at., 1978) A 

t 

Air temperature 
to = 0.58R-16 
(Budyko, 1977) 

Luwlands 

n R 
Soil erosion, Er = f(RIG) 

I Sediment yield I 

L 

Effective precipit. 
L r  

Pet = f(  RIK) 

(Lvovich, 
1974) 

R B = Er, mount = f ( ~ , - )  
~r L r  

(Corbel, 1964) 

4 



tlkn12 per yr. 

F i g u r e  2 .  R e l a t i o n  between sed imen t  y i e l d  and a n n u a l  e f f e c t i v e  
p r e c i p i t a t i o n  and mean a n n u a l  a i r  t e m p e r a t u r e  ( a d a p t e d  
from G .  Dury, 1 9 6 9 ) .  



F i g u r e  3 .  G l o b a l  p i c t u r e  o f  e f f e c t i v e  p r e c i p i t a t i o n ,  i n  mm p e r  
y e a r .  



Mean annual d a t a  f o r  t h e  r e l a t i o n  (3)  w e r e  taken f o r  10 degree 

l a t i t u d e  bands (Tables I and I V  from M. Budyko, 1977).  

Next, t h e  p i c t u r e  o f  sediment y i e l d  i n  r e l a t i o n  t o  - R L r  ' 
was cons t ruc ted  (F ig .  4 ) .  Figure  4 demonstrates t h a t  t h e  maxi- 

mum sediment y i e l d  l i e s  i n  d ry  s u b t r o p i c a l  a r e a s ,  where t h e  

n a t u r a l  vege ta t ion  is  s t eppe  o r  p r a i r i e .  The minimum y i e l d s  a r e  

found i n  t h e  temperate f o r e s t  zone and i n  a r i d  a r e a s  o f  t h e  world. 

Af t e r  o b t a i n i n g  t h e  g loba l  p i c t u r e  o f  sediment y i e l d ,  an 

assumption was made t h a t  t h i s  p i c t u r e  r e p r e s e n t s  t h e  g loba l  pic-  

t u r e  o f  water  e ros ion  o f  s o i l s  on undis turbed lands.  This  seems 

t o  be t h e  weakest p o i n t  o f  t h e  whole approach. A r e l a t i v e  d i s -  

t r i b u t i o n  of  s o i l  e r o s i o n  is  represented  q u i t e  we1l;but t h e  

abso lu te  f i g u r e s  r e q u i r e  some d i scuss ion .  Behind t h e  assumption 

d iscussed  he re ,  two main cons ide ra t ions  a re :  1 )  For t h e  same 

a r e a ,  va lues  of  sediment y i e l d  should be less compared t o  s o i l  

e ros ion ,  i f  t h e r e  is a tendency i n  t h e  r e l i e f  development t o  

f l a t t e n .  I f  t h e  tendency i s  f o r  t h e  r e l i e f  t o  sharpen,  t h e  sed i -  

ment t r a n s p o r t  should exceed s o i l  e ros ion .  On a g loba l  b a s i s ,  

these two tendencies  developed i n  d i f f e r e n t  p l aces  p a r t i a l l y  

compensate each o t h e r ,  though t h e  r e s u l t a n t ,  f o r  t h e  p resen t  

geologic  t i m e ,  is  expected t o  be i n  excess  o f  t h e  e r o s i o n  over  

t h e  sediment t r a n s p o r t .  Due t o  man's a c t i v i t y  i n  watersheds,  

observed va lues  of  sediment y i e l d  a l r eady  con ta in  a c e r t a i n  in- 

crement when compared wi th  n a t u r a l  e ros ion .  Because o f  t h i s ,  

one can expect  f u r t h e r  compensation of  sediment t r a n s p o r t  i n  

comparison w i t h  s o i l  e ros ion .  These very " s o f t "  cons ide ra t ions  

j u s t i f y  t h e  s u b s t i t u t i o n  o f  d a t a  on n a t u r a l  water  e ros ion  with  

t h a t  stemming from t h e  measured sediment t r a n s p o r t .  

S o i l  e ros ion  i n  mountainous a r e a s  is  h ighe r  than  t h a t  i n  

lowlands : 

b = 1 f o r  lowlands 
b > 1 f o r  mountains 

The c o e f f i c i e n t  "b" was obta ined  from J. Corbe l ' s  d a t a  (1964) . 
The va lues  o f  "b" a r e  presented i n  Table 3, b u t  they do not  seem 

tm be very a c c u r a t e .  Poss ib ly ,  s o i l  e ros ion  i n  mountains was 

underestimated. 



R kcal 
A yr 

Z Figu re  4 .  Global  p i c t u r e  o f  sediment y i e l d ,  i n  tonnes/km pe r  
y e a r .  



Table 3 .  Rat io  o f  s o i l  e r o s i o n  i n  mountains t o  t h a t  i n  lowlands.  

Climate  
Emount k c a l  R 

P r e c i p i t a t i o n ,  mm b = - E"Bt R f  c- - 
L r 

r - 

Hot e q u a t o r i a l  <200 2 .O 7 5 6 .0 
15' N -  15' S 200- 1500 2.5 7 5 1 .5  

>I500 2 .O 7 5 0 .5  

I n t e r t r o p i c a l  < 200 
23 .So N - 15' N 200-1500 
23.5' S - 15' S >I500  

E x t r a t r o p i c a l  < 200 
to > 15' 200- 1500 

> 1500 

Temperate < 200 
to = 0' - 13' 200- 1500 

>1500 

Cold < 200 3.3 30 2.5 
to < 0' 200-1500 3.3 30 0 .6  

A good comprehensive review on t h e  e a r t h ' s  cropland r e sou rces  

has  been publ ished by N .  Rozov e t  a l .  ( 1 9 7 8 ) .  I t  prov ides  d a t a  

f o r  a r e a s  covered wi th  va r ious  t ypes  of  s o i l s .  For each s o i l  

type ,  t h e  f i g u r e s  a r e  g iven  f o r  t o t a l  a r e a ,  a r e a  c u l t i v a t e d  a t  

p r e s e n t ,  p o t e n t i a l  r a t i o s  of  c u l t i v a t e d  l a n d s  t o  t h e  t o t a l  a r e a ,  

and t h e  expected upper r a t i o n a l  l i m i t  of  an a r e a  of  c u l t i v a t e d  

lands .  These f i g u r e s  i n  t u r n  o f f e r  t h e  p o s s i b i l i t y  t o  make t h e  

assessments of  s o i l  e r o s i o n  f o r  t h e  p a s t  (when t h e r e  was no crop- 

land a g r i c u l t u r e ) ,  t h e  p r e s e n t ,  and t h e  f u t u r e  (when a l l  s u i t a b l e  

l ands  w i l l  be c u l t i v a t e d ) .  

The numbers f o r  t h e  s o i l  t y p e s  a r e  aggregated by Rozov e t  

a l .  f o r  t r o p i c a l ,  s u b t r o p i c a l ,  subborea l ,  b o r e a l ,  and p o l a r  zones. 

Within each zone t h e r e  a r e  aggregated d a t a  f o r  humid, d ry ,  and 

a r i d  provinces .  The d a t a  a r e  g iven  f o r  lowlands and mountains 

w i t h i n  each province.  Graphic r e p r e s e n t a t i o n  o f  ... p a r t  o f  t h i s  

g r e a t  q u a n t i t y  of  in format ion  is  g iven  i n  F igure  5.  





were added by us  t o  each pro- Average v a l u e s  o f  R and - L r  
v i n c e  (Table  4 )  . 

Table  4 .  Values o f  n e t  ba l ance  o f  s o l a r  r a d i a t i o n  R and a r i d i t y  

a s  r e l a t e d  t o  t h e  l a n d  r e s o u r c e  a r e a s  g iven  index  - L r  
by N .  Rozov e t  a l .  ( 1978 ) .  

Zone 
k c a l  

R t  cmlyr Prov ince  

T r o p i c a l  >75 

S u b t r o p i c a l  50-75 

Subboreal  

Boreal  20-30 

P o l a r  (20 

Humid 

Dry 
Ar id  

Humid 

Dry 
Arid  

Humid 

Dry 
Arid  

F o r e s t  

Pe rmaf ro s t  

Next w e  add re s sed  t h e  q u e s t i o n  o f  how l a r g e  t h e  r a t i o  k o f  

s p e c i f i c  s o i l  e r o s i o n  from c rop l and  i s  compared t o  t h a t  o f  na t -  

u r a l  a r e a s .  The d a t a  from E.  Dyer (1977) f o r  Obion-Forked D e e r  

R iver  Basin ,  Tennessee ,  i n d i c a t e  t h a t  s p e c i f i c  e r o s i o n  r a t e s  

from c rop l and  a r e  14 t i m e s  h i g h e r  t h a n  from woodland. Note t h a t  

woodland i n  t h e  a r e a  c e r t a i n l y  i s  n o t  v i r g i n .  Our c a l c u l a t i o n  

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

on t h e  assumpt ion t h a t  t h e  s h a r e  o f  wood and g r a s s l a n d  had been 

3:1, whereas  t h e  s p e c i f i c  r a t e s  o f  e r o s i o n  w e r e  a c t u a l l y  t h e  

same a s  today (Tab le  5 ) .  Areas d e s i g n a t e d  i n  Tab le  2 a s  " o t h e r s "  

w e r e  a r b i t r a r i l y  t aken  a t  25% o f  t h e  p r e s e n t  w i t h  s p e c i f i c  e r o s i o n  

r a t e s  a t  50% o f  t h e  p r e s e n t .  



Table  5.  Sources  o f  s o i l  e r o s i o n  i n  p r e a g r i c u l t u r a l  t i m e  i n  
t h e  Obion-Forked Deer R i v e r  B a s i n ,  Tennessee .  

Land t y p e  Area S p e c i f i c  e r o s i o n  Gross  e r o s i o n  
p a t t e r n  103 ha .  tonnes /ha  . y e a r  106 t o n n e s  p e r c e n t  

Woodland 495 6 .3  3.1 6  1  

Grass land  165 5.6 0.9 18 

Others*  12 95 1 .1  21 .................................................................. 

T o t a l  672 7.6 5.1 100 

* 
g u l l i e s ,  s t reambanks  

A t  t h e  p r e s e n t  t i m e ,  e r o s i o n  i n  t h e  Bas in  i n c r e a s e d  by 7 .5  

t i m e s  a s  compared w i t h  t h e  p r e a g r i c u l t u r a l  t i m e .  The same index ,  

d i s r e g a r d i n g  v a r i o u s  forms o f  s t reambank,  r o a d ,  mine, and " o t h e r "  

e r o s i o n ,  i s  e q u a l  t o  7.2.  

H.  S tephens  e t  a l .  (1977) g i v e  d a t a  on  e r o s i o n  from v a r i o u s  

l a n d  u s e  p a t t e r n s  i n  Deer Creek Watershed,  Maryland. Average 
2  

s p e c i f i c  s o i l  l o s s  from c r o p l a n d  t h e r e  is  1870 t/km p e r  y e a r ,  
2  from p a s t u r e ,  it i s  434 t / k m  p e r  y e a r ,  w h i l e  woodland l o s e s  

2  101 t/km p e r  y e a r .  W e  u sed  t h e  same assumpt ions  a s  i n  t h e  

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

(Tab le  6 ) .  

The t a b l e  shows t h a t  s o i l  e r o s i o n  i n  t h e  wa te r shed  h a s  in-  

c r e a s e d  6 .3  t i m e s .  

To a r r i v e  a t  a  g e n e r a l  v a l u e  of  t h e  r a t i o  "k"  by u s i n g  t h e  

recommendations o f  D.W. Tdischmeier and D.  Smith (1978) f o r  a p p l i -  

c a t i o n  o f  t h e  U n i v e r s a l  S o i l  Loss Equa t ion  and a g g r e g a t i n g  by 

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

a s  fo l lows :  

Crops V i r g i n  G r a s s l a n d s  V i r g i n  F o r e s t s  

1-0.1 0.1-0.01 0.001-0.0001 

A f t e r  hav ing  ploughed v i r g i n  f o r e s t ,  s o i l  e r o s i o n  i n c r e a s e s  by 

two o r d e r s  o f  magnitude;  a f t e r  p lough ing  o f  v i r g i n  u n f o r e s t e d  

a r e a s ,  it i n c r e a s e s  by one  o r d e r  o f  magnitude.  N a t u r a l  l and-  

s c a p e s  which have f i r s t  been i n f l u e n c e d  by man's  a c t i v i t y  and 



Table  6 .  Water e r o s i o n  o f  s o i l s  i n  t h e  p r e s e n t  and p r e h i s t o r i c  
p e r i o d s  - Deer Creek Watershed,  Maryland. 

t h e n  ploughed,  e v i d e n c e  a  s m a l l e r  e r o s i o n  inc rement ,  a s  was 

shown p r e v i o u s l y .  Thus, w e  have: 

k  = lo2 w i t h  f o r e s t  a s  i n i t i a l  
l a n d s c a p e  

k = lo1 w i t h  o t h e r  l a n d s c a p e s  

Sediment  S o u r c e  

Crop land  

I d l e  

P a s t u r e  

Woodland 

TJrban 

Computat ions o f  w a t e r  e r o s i o n  o f  s o i l s  f o r  t h e  p a s t ,  p r e s e n t ,  

and f u t u r e  (see p. 7 f o r  d e f i n i t i o n s )  w e r e  made f o r  each  p r o v i n c e  

as i n d i c a t e d  i n  T a b l e  4 ,  a c c o r d i n g  t o  Equa t ion  (2) and F i g u r e  1. 

Area,  
km2 

- 

- 

108 

322 

- 

- 

108 km 
______-_______-____-_-_---___--------..-----------_--------- 

430 

Area ,  
km2 

261.9 

2.2 

31.0 

132.3  

2.6 

Roadbanks I 27 km 

S t reambanks  108 km 
_ _ _ _ _  ____________ 

T o t a l  430 -0 

P r e h i s t o r i c  t i m e  P r e s e n t  t i m e  
E r o s i o n  

t /kmzyr 

- 

- 

4 34 

101 

- 

- 

39 t/km 

- 

E r o s i o n  
t /kmLyr 

1870 

3 50  

434 

101 

288 

28 t/km 

39 t/km 

- 

t / y r  

- 

- 

4687 2 

32522 

- 

- 

4212 

83606 

t / y r  

489753 

770 

13454 

13362 

749 

756 

4212 

523056 



DISCUSSION OF THE RESULTS 

The results of the computations are presented in Tables 

7 and 8. 

Table 7. Assessment of water erosion of soils, in billion tonnes 
per year. 

T o t a l  
Zone 

T r o p i c a l  

Mounta ins  

2 .9  

3 .0  

2 .7  

8 . 6  

0 . 9  

2 . 3  

1 . 2  

4 .4  

0 . 9  

2.7 

1 . 3  

--..-- -- 
4 .9  

1 . 2  

0 . 5  

- ---.. 
1 . 7  

0.0 
-----..---_..------_. 

1 9 . 6  

P r o v i n c e  

Humid 

Dry 

A r i d  

Lowlands 
P a s t  

0 . 7  

0 . 8  

0 . 3  

---------------------------------------------------------------------------------- 
1.8 

0 . 6  

1 . 2  

0 . 3  

-------------------r-------------.'------------------------------------------------ 
2 .1  

-----------------.r-------.-----_-------d---------------.-------------_------ 

0 . 6  

1 . 3  

1.0 

2.9  

0 . 6  

0 . 4  

---------_-------- 
1.0 

------- 
0.0 

- 
7 .8  

' 

P a s t  

2 .2  

2 .2  

2.4 

6 . 8  

0 . 3  

1.1 

0 . 9  

2 . 3  

0 . 3  

1 . 4  

0 . 3  

- 
2 . 0  

0 . 6  

0.1 

0 . 7  

0.0 
.---- 

11.8 

P a s t - P r e s e n t  

24.6 

6 .2  

2 .9  

33.7 

1 4 . 7  

7 .4  

1 . 9  

24 .0  

26 .0  

8 . 4  

1 . 4  

..---- --- 
35.8  

7 . 1  

0 . 5  

------- 
7.6 

r -------. 
0.0 

101.1 
- 

P r e s e n t F u t u r e  

6 . 6  

1 . 4  

. 0 . 3  

8 . 3  

6 . 5  

3.4 

0 . 5  

1 0 . 4  

1 5 . 4  

2 .0  

1.0 

----- 
1 8 . 4  

0 . 6  

0 . 4  

1.0 - ----- - 
0.0 

------------. 
38.1  

F u t u r e  

6 7 . 3  

11 - 5  

4  - 5  

8 3 . 3  

20 .3  

9 . 2  

2.6 

32.1 

26.7 

9 .2  

1 . 5  

_------ 
37.4 _ _ _ _  
1 2  .O 

0.8 

_ _ _ _ _ _ _  
12 .8  

.--__- ------ 
0.0 

_ _ _ _ _ _ _  
165 .6  

S u b t o t a l  

P r e s e n t  

1 8 . 0  

4 . 8  

2 .6  

25.4 

8 . 2  

4 . 0  

1 . 4  

1 3 . 6  

10 .6  

6 . 4  

0 . 4  

1 7 . 4  

6 . 5  

0.1 

---------------- 
6 .6  

-------.-------- 
0.0 

---.-- ------ 
6 3 . 0  

1 0 . 6  

2 .2  

0 . 3  

1 3 . 1  

6 . 5  

3  - 4  

0 . 9  

10.8 

1 5 . 4  

2 -0 

1 .O 

------ 
1 8 . 4  

2  .O 

0 .4  

-------_.. 
2.4 

--- -----4.----. 
0 .O 

?-- 

4 4 . 7  

S u b t r o p i c a l  

F u t u r e  

56.7 

9 . 3  

4 .2  

70 .2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 3 . 8  

5 . 8  

1 . 7  

21 .3  

1 1 . 3  

7 .2  

0 . 5  

--.---------.------------_-- 
1 9 . 0  

------_----------------__----.---------.----_-------_---------------.._---..-------,--_ 
10.0 

0 . 4  

-- 
10 .4  

----- - 
0.0 

---_--- 
120.9 

Humid 

Dry 

A r i d  

S u b t o t a l  
---------_- 
S u b b o r e a l  Humid 

A r i d  1 -. -_----------_--------- 
S u b t o t a l  

B o r e a l  I F o r e s t  

P e r m a f r o s t  

-------- ---------- 
S u b t o t a l  

--- ---------------- ---- 
P o l a r  
------- -- ----- 
World 

--------- 



Table  8 .  Assessment  o f  w a t e r  e r o s i o n  o f  s o i l s ,  i n  t o n n e s  p e r  s q .  
km. p e r  y e a r .  

Zone 

T r o p i c a l  

S u b t r o p i c a l  

S u b b o r e a l  

P r o v i n c e  

Humid 

A r i d  

---------- 
S u b t o t a l  ---------- 

Humid 

Dry 

A r i d  

---------- 
S u b t o t a l  ---------- 

Humid 

D r y  

A r i d  

Lowlands I Mounta ins  T o t a l  
P a s t  P r e s e n t  F u t u r e  I P a s t  P r e s e n t  F u t u r e  I P a s t  P r e s e n t  F u t u r e  

B o r e a l  F o r e s t  

P e r m a f r o s t  

----------- ----------- t S u b t o t a l  ----------- ---------- 

W r l d  

I n  r e a d i n g  t h e  r e s u l t s ,  one s h o u l d  keep i n  mind t h e  approxi -  

mate c h a r a c t e r  o f  t h e  numbers. More p r e c i s e l y ,  t h e y  a r e  expec ted  

t o  b e  r e l a t i v e  v a l u e s .  The n e x t  g e n e r a l  o b s e r v a t i o n  i s  t h a t  t h e  

d a t a  o f  T a b l e s  7 and 8 and t h e  e x p r e s s i o n  " s o i l  e r o s i o n "  used i n  

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

s c a p e s  p l u s  a g r i c u l t u r a l  e r o s i o n ,  and t h u s ,  do n o t  r e p r e s e n t  

t o t a l  w a t e r  e r o s i o n .  With t h i s  i n  mind, t h e  main c o n c l u s i o n s  

drawn from Tab les  7 and 8 a r e  a s  f o l l o w s :  

1. Water e r o s i o n  i n  t h e  wor ld  i s  p r e s e n t l y  100 b i l l i o n  

t o n n e s  p e r  y e a r .  By comparison,  r i v e r  sed iment  t r a n s -  

p o r t  i n  t h e  wor ld  i s  between 12.7 and 51.1 b i l l i o n  t o n n e s  
2 p e r  y e a r ,  o r  between 100 and 380 t/km y r ,  a c c o r d i n g  t o  



t h e  e s t i m a t i o n  o f  n i n e  d i f f e r e n t  a u t h o r s  (Kovda, 1977; 

Lvov i t ch ,  1974) .  

2 .  S o i l  e r o s i o n  i n  t h e  wor ld  i s  5  t i m e s  more t h a n  d u r i n g  

t h e  p r e a g r i c u l t u r a l  p e r i o d ,  and i n  t h e  f u t u r e  c o u l d  be  

1.7 t i m e s  a s  much a s  i n  t h e  p r e s e n t .  T h i s  means t h a t  

a t  t h e  g l o b a l  l e v e l ,  s o i l  e r o s i o n  i s  a  problem o f  t h e  

p r e s e n t ,  more t h a n  o f  t h e  f u t u r e .  

3. The main r e s e r v e s  o f  t i l l a b l e  l a n d  a r e  i n  s u b t r o p i c a l  

and t r o p i c a l  p r o v i n c e s ,  and i t  i s  t h e r e  one  can  e x p e c t  

a  c o n s i d e r a b l e  i n c r e a s e  i n  e r o s i o n .  The c o n c e r n s  ex- 

p r e s s e d  i n  t h e  l i t e r a t u r e  abou t  t h e  r i se  i n  s o i l  e r o s i o n  

i n  t r o p i c a l  c o u n t r i e s  a r e  proven by t h i s  g l o b a l  a s s e s s -  

ment. 

4 .  P r e s e n t l y ,  t h e  h i g h e s t  inc rement  o f  e r o s i o n  i s  i n  humid 

r e g i o n s .  T h i s  i s  due  t o  two c a u s e s :  a )  t h e  t r ans fo rma-  

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

l a n d  caused  a n  i n c r e a s e  i n  e r o s i o n  by two o r d e r s  o f  mag- 

n i t u d e ;  b )  t h e  p e r c e n t a g e  o f  a r e a  used  f o r  c r o p  p r o d u c t i o n  

i s  h i g h ,  r e a c h i n g  40% i n  t h e  lowlands  of  t h e  s u b b o r e a l  

zone. S o i l  e r o s i o n  t h e r e  i n c r e a s e d  35 t i m e s ,  and natu-  

r a l l y ,  much a t t e n t i o n  i s  now devo ted  t o  s o i l  e r o s i o n  i n  

t h e  l i t e r a t u r e  o f  developed c o u n t r i e s  s i t u a t e d  most ly  i n  

t h e  s u b b o r e a l  zone. A t  t h e  same t i m e ,  a l m o s t  a l l  l a n d  

r e s o u r c e s  t h e r e  a r e  used ,  and s i n c e  g r o s s  e r o s i o n  w i l l  

n o t  i n c r e a s e  more t h a n  a t  p r e s e n t ,  t h e  most a t t e n t i o n  

s h o u l d  t h e r e f o r e  b e  focused  on r e d u c i n g  c u r r e n t  e r o s i o n  

r a t e s .  

5. E r o s i o n  i n  t h e  a r i d  p r o v i n c e s  i s  n o t  g r e a t  because  t h e  

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

amount o f  a r a b l e  l a n d  and t h e  low f i g u r e s  o f  n a t u r a l  

e r o s i o n .  However, s p e c i f i c  e r o s i o n  on c r o p l a n d  t h e r e  

c a n  be  q u i t e  h i g h ,  something which i s  n o t  r e f l e c t e d  i n  

t h e  p r e s e n t  t a b l e s .  

6 .  Because o f  o n l y  modest development  o f  c r o p  p r o d u c t i o n  

i n  mountainous a r e a s ,  t h e  p r o p o r t i o n a t e  amount o f  e ro-  

s i o n  (compared t o  t o t a l  e r o s i o n  i n  t h e  wor ld )  o c c u r r i n g  

i n  mountains is  d e c r e a s i n g .  I t  seems, however, t h a t  



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

n a t u r a l  e r o s i o n )  are r e l a t i v e l y  s m a l l  compared t o  r e a l  

o n e s .  

A s  a g e n e r a l  comment, it s h o u l d  be men t ioned  o n c e  a g a i n  t h a t  

wha t  i s  of m o s t  i n t e r e s t  i n  t h i s  p a p e r  are t h e  methodology  and  

t h e  r e l a t i v e  compar i son  o f  t h e  numbers i n  t h e  tables.  The ab- 

s o l u t e  n u m e r i c a l  v l a u e s  i n  t h e  tables  are  a p p r o x i m a t e ,  and  hence  

o f  less i m p o r t a n c e .  
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