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ANN-AGNPS: A CONTINUOUS SIMULATION WATERSHED MODEL 

SCOTT E. NEZDHW.'  AND ROBERT A. YOUNG' 

ABSTRACT 

The A n n u a l i z e d  A g r i c u l t u r a l  Nonpoin t  S o u r c e  (ANN-AGNPS) model i s  a d i s t r i b u t e d  
p a r a m e t e r ,  c o n t i n u o u s  s i m u l a t i o n  model d e v e l o p e d  t o  s i m u l a t e  t h e  b e h a v i o r  of 
w a t e r s h e d  or c a t c h m e n t s  t h a t  have  a g r i c u l t u r e  as t h e i r  p r i m a r y  l a n d  u s e .  I t  i s  
b a s e d  on  t h e  p r e s e n t  AGNPS s i n g l e  e v e n t  model and  u s e s  e n h a n c e d  RUSLE r o u t i n e s .  
The bas ic  components  of t h e  model i n c l u d e  h y d r o l o g y ,  s e d i m e n t a t i o n ,  and c h e m i c a l  
t r anspor t .  The model  i s  c e l l u l a r  b a s e d  w i t h  a l l  c h a r a c t e r i s t i c  i n p u t s  and  
c a l c u l a t i o n s  made a t  t h e  c e l l  l eve l .  P r i m a r y  c a p a b i l i t i e s  of t h e  model i n c l u d e  
e v a l u a t i o n  of t h e  r e l a t i v e  q u a n t i t y  and q u a l i t y  of o u t f l o w  from a w a t e r s h e d  i n  
order  t o  assess t h e i r  p o l l u t i o n  p o t e n t i a l ,  i d e n t i f i c a t i o n  of c r i t i c a l  areas of 
n o n p o i n t  s o u r c e  p o l l u t a n t  p r o d u c t i o n  w i t h i n  a w a t e r s h e d ,  and  e v a l u a t i o n  o f  t h e  
e f f ec t s  on w a t e r s h e d  o u t f l o w  by a p p l y i n g  a l t e r n a t i v e  management p rac t ices  on 
problem areas- A p r e l i m i n a r y  e v a l u a t i o n  of t h e  model on a m o n i t o r e d  w a t e r s h e d  
is p r e s e n t e d .  

INTRODUCTION 

Reducing  a g r i c u l t u r a l  n o n p o i n t  s o u r c e  (NPS) p o l l u t i o n  l o a d i n g  has r e c e i v e d  
r e i n v i g o r a t e d  i n t e r e s t  i n s i d e  and  o u t s i d e  of t h e  a g r i c u l t u r a l  community. The 
1990 Farm Bill's Water Q u a l i t y  P r o t e c t i o n  Program (WQPP) was d e s i g n e d  t o  a d d r e s s  
t h i s  c o n c e r n  by t a r g e t i n g  farm a s s i s t a n c e  t o  are25 where meaningfu: r e d u c t i o n  i n  a g r i c u l t u r e ' s  c o n t r i b u t i o n  c o u l d  be  a c h i e v e d .  ?he c o n s e r v a t i o n  a g e n t ,  

r e s p o n s i b l e  f o r  c a r r y i n g  o u t  t h e  program, h a s  t h r e e  basic t a s k s :  (I) i d e n t i f y  
t h o s e  l a n d s  t h a t  c o n t r i b u t e  t h e  m a j o r i t y  of p o l l u t a n t s ,  ( 2 )  estimate t h e  level 
of c o n t r i b u t i o n  g e n e r a t e d  by t h o s e  i d e n t i f i e d  l a n d s ,  and  ( 3 )  b a s e d  upon t h e  level 
of c o n t r i b u t i o n ,  d e s i g n  c o s t  e f f i c i e n t  a l t e r n a t i v e  fa rm management s t ra tegies  
t h a t  e f f e c t i v e l y  r e d u c e  p o l l u t a n t  l o a d i n g -  

A l a rge  number of computer  model ing  t o o l s  h a v e  been d e v e l o p e d  a n d  e n l i s t e d  t o  a i d  
i n  r e s o u r c e  c o n s e r v a t i o n  p l a n n i n g  and management f o r  soil e r o s i o n  a n d  NPs 
p o l l u t a n t  m i t i g a t i o n .  f o r  
a g r i c u l t u r a l  l a n d s c a p e s  i n c l u d e :  CREAMS ( K n i s e l ,  1980), E P I C  ( W i l l i a m s ,  e t  a l . ,  
1984), SWRRB ( A r n o l d ,  et a l . ,  1990), GAMES ( R u d r a ,  e t  al., 1986), HSPF (Barnwe l l  
and J o h a n s o n ,  1981), ANSWERS ( B e a s l e y ,  e t  al., 1980)  and  AGNPS (Young, e t  al., 
1989). 

A l i s t  of s e v e r a l  of t h e  more w i d e l y  u s e d  models 

s f f i c i e n t f y  and e f f e c t i v e l y  implement ing  t h e  1990 Farm Bill's WQPP w i l l  require 
t h e  increased use of computer  models- These models  must  n o t  o n l y  a c h i e v e  t h e  
above s t a t ed  three r e q u i z e d  t a s k s ,  b u t  they s h o u l d  also be c a p a b l e  of t h e  
f o l l o w i n g :  (1) allow o p e r a t i o n  by loca l  a g e n t s  w i t h o u t  e x t e n s i v e  t r a i n i n g ,  ( 2 )  
u t i l i z e  i n p u t  parameters t h a t  a re  e a s i l y  o b t a i n e d  from a v a i l a b l e  loca l  s o u r c e s ,  
( 3 )  n o t  need c o m p l i c a t e d  p a r a m e t e r i z a t i o n ,  and ( 4 )  g e n e r a t e  r e s u l t s  t h e  r e s o u r c e  
p l a n n e r  f e e l s  c o m f o r t a b l e  w i t h  i n  making e q u i t a b l e  and i m p a r t i a l  d e c i s i o n s -  

The u p d a t e d  c o n t i n u o u s  s i m u l a t i o n  v e r s i o n  of AGNPS, ANN-AGNPS ( A n n u a l i z e d  - 
A g r i c u l t u r a l  N o n p o i n t  Source  model )  i s  a computer  tool c a p a b l e  of performing 
t h o s e  t a s k s  r e q u i r e d  t o  s u c c e s s f u l l y  c a r r y  o u t  t h e  i n t e n t  of t h e  new water 
q u a l i t y  program. I n t e g r a t i n g  c o n t i n u o u s  s i m u l a t i o n  t o  t h e  e x i s t i n g  d i s t r i b u t e d  
s p a t i a l  a b i l i t i e s  o f  AGNPS e n a b l e s  a n  even more r e p r e s e n t a t i v e  d e s c r i p t i o n  of t h e  
s t o c h a s t i c  p h y s i c a l  p r o c e s s e s  c o n t r o l l i n g  t h e  movement of s e d i m e n t s  a n d  
a g r i c u l t u r a l  chemicals from t h e  f i e l d  i n t o  t h e  s u r r o u n d i n g  e n v i r o n m e n t .  At t h e  
same time, ANN-AGNPS's u s e r  i n t e r f a c e  and i n t e g r a t e d  d a t a  b a s e s  make t h e  model  
e a s i e r  to u s e .  

' A s s i s t .  Prof. & G I S  C o o r d i n a t o r ,  Range Mangement & Wyoming Water R e s o u r c e s  
C e n t e r .  U n i v e r s i t y  of Wyoming, Box 3067 U n i v e r s i t y  S t a t i o n  L a r a m i e ,  W Y  82071  

' A g r i c u l t u r a l  E n g i n e e r ,  USDA-Agricultural  R e s e a r c n  S e r v i c e ,  N o r t h  C e n t r a l  S o i l  
C o n s e r v a t i o n  R e s e a r c h  Lab, M o r r i s ,  EN 56267 
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ANN-AGNeS STRUCTURE 

T h e  continuous v e r s i o n  is  based upon t h e  AGNPS grl2-cell r e p r e s e n t a t i o n  of  a 
watershed f o r  d e l i n e a t i n g  and i d e n t i f y i n g  landscape  and agronomic pa rame te r s  as 
well a s  f o r  e n t e r i n g  t h e  i n f o r m a t i o n  i n t o  t h e  d a t a  i n q =  s p r e a d s h e e t .  ANN-AGNPS 
r o u t e s  water ,  a s s o c i a t e d  sed imen t s  and n u t r i e n t s  thrsugh t h e  watershed  from c e l l  
t o  cell based upon d i r e c t i o n a l  f l o w  in fo rma t ion  inpur b y  t h e  u s e r .  

ANN-AGNPS, l i k e  AGNPS, g e n e r a t e s  resillts on watershed hydro logy ,  i n c l u d i n g  
ove r l and  runoff volume, channe l  f l o w  runoff  volume, peak flow d i s c h a r g e  ra tes ,  
f i e l d  e ros ion ,  channe l  sediment t r a n s p o r t  and depos i t i cn  f o r  f i v e  s o i l  p a r t i c l e  
c l a s s  s i z e s ,  and n u t r i e n t  y i e l d s  f o r  Ni t rogen  ( N )  and Phosphorus ( P )  i n  b o t h  
sediment-attached and w a t e r - s o l u b l e  s tares ,  and f o r  chen ica l  oxygen demand (COD)  
i n  water -so luble  form. R e s u l t s  c a n  be viewed f o r  ar,y s i n g l e  ce l l  w i t h i n  t h e  
watershed ,  a sub- b a s i n  w i t h i n  t h e  watershed ,  o r  f o r  t h e  e n t i r e  watershed  i n  
e i t h e r  t a b u l a r  o r  g r a p h i c a l  mapped format .  Runoff events t a k i n g  p l a c e  w i t h i n  t h e  
s i m u l a t i o n  can b e  viewed i n d i v i d u a l l y ,  as a monthly or y e a r l y  accumula t ion  of  
storm resu l t s ,  o r  as  a n  a v e r a g e  annual  v a l u e  derived from a m u l t i p l e - y e a r  
s c e n a r i o .  

MODEL COMPONENTS 

AGNPS R o u t i n e s  i n  ANN-AGNPS 

T h e  ANN-AGNPS over l and  hydrology c a l c u l a t i o n s  cont inue  t o  be b a s e d  upon t h e  u s e  
of t h e  SCS curve number method- I n s t e a d  of i n p u t t i n g  a s i n g l e  s t a t i c  value,  
curve  numbers are a u t c m a t i c a l l y  de te rmined  by t h e  model u t i l i z i n g  i n p u t  
parameters  of soil hydro log ic  g roup ,  c rop  t y p e ,  conser-ration practice, t i l l a g e  
system, and d a i l y  updated  s u r f a c e  c r o p  r e s i d u e  amounts (Rawls et al. 1980)- The 
procedure  f o r  de t e rmin ing  an I t s "  r e t e n t i o n  v a l u e  f o r  c a l c u l a t i n g  runof f  volume 
has been modified t o  r e f l e c t  d a i l y  changes i n  s o i l  moisture c o n d i t i o n s  (Smi th  and 
W i l l i a m s ,  1980).  The peak d i s c h a r g e  r a t e  con t inues  'so be c a l c u l a t e d  u s i n g  the 
morphological-based e m p i r i c a l  f o r m u l a  used i n  CREAMS (Smith and Williams, 1980) 
w i t h  new m o d i f i e a t i o n s - t o  compensate f o r  h igh  d i scha rge  r a t e s  obse rved  in AGNPS. 

Sediment t r a n s p a r t  and d e p o s i t i o n  by p a r t i c l e  c l a s s  s i z e  is c a l c u l a t e d  u t i l i z i n g  
t h e  s t e a d y  s t a i e  c o n t i n u i t y  e q u a t i o n  d e s c r i b e d  by Fost2z et al. ( 1 9 8 1 )  and Lane 
( 1 9 8 2 ) .  The method i n c o r T o r a t e s  a d e p o s i t i o n a l  r a t e  equa t ion  f r o m  Young e t  a l .  
(1986) a s  well a s  a modif ied  form of - the  Bagnold stre& power e q u a t i o n - ( 1 9 6 6 ) .  
Mannings equat ion  i s  used t a  s o l v e  f o r  channel  flow v e l o c i t y .  

The chemical t r a n s p o r t  model (Frere e t  a l . ,  1980) has rernained unchanged except  
f o r  t h e  accounting of d a i l y  n u t r i e n t  losses from p l a n t  uFtake and m i n e r a l i z a t i o n .  
These procedures w e t s  a l s o  d e r i v e d  from Frere e t  a l .  (1980).  

Continuous Routines in ANN-AGNPS 

Weather Generator 

ANN-AGNPS i n c o r p o r a t e s  a s t o c h a s t i c  weather  g e n e r a t o r  used by  a number of o t h e r  
ARS e r o s i o n  and water q u a l i t y  models. CLIGEN, descr ibed  by Nicks and Lane 
(1989), i s  a separate model from ANN-AGNPS, g e n e r a t i n g  d a i l y  wea the r  p a r a m e t e r s  
r e q u i r e d  by ANN-AGNPS t o  u p d a t e  key envi ronmenta l  v a r i a b l e s .  Daily w e a t h e r  
parameter  ou tput  o f  minimum and maximum a i r  temperature,  p r e c i p i t a t i o n ,  solar 
r a d i a t i o n ,  and wind speed and d i r e c t i o n  are s t a t i s t i c a l l y  estimated from a 
n a t i o n a l  d a t a  set  o f  average  monthly r eco rds .  A d a i l y  e r s s i v i t y  v a l u e  d e s c r i b i n g  
t o t a l  s torm energy m u l t i p l i e d  by t h e  maximum 30 minute i n t e n s i t y  is c a l c u l a t e d  
from s to rm d u r a t i o n  and t h e  t i m e  t o  t h e  s t o r m ' s  maximu3 i n t e n s i t y .  

S o i l s  

The ANN-AGNPS s o i l s  d a t a  base  i s  d e r i v e d  from t h e  SCS SOILS 5 d a t a  base.  Soil 
d a t a  a r e  processed through i n i t i a l  c a l c u l a t i o n s  t o  de r ive  s p e c i f i c  i n f o r m a t i o n  
d e s c r i b i n g  soil p h y s i c a l  c h a r a c t e r i s t i c s  which a r e  t h e 2  c o n t i n u a l l y  updated  to 
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r e f l e c t  changing envi ronmenta l  c o n d i t i o n s .  ANN-AGNPS i n c o r p o r a t e s  many of  t h e  
WEPP procedures for e s t i m a t i n g  b a s e l i n e  parameter  va lues  f o r  s o i l  bu lk  d e n s i t y ,  
p o r o s i t y ,  s a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y ,  f i e l d  c a p a c i t y  and w i l t i n g  p o i n t  
(Lane and Nearing, 1989) .  

ANN-AGNPS de t e rmines  t h e  amount of wa te r  a v a i l a b l e  f o r  i n f i l t r a t i o n  by 
s u b t r a c t i n g  c a l c u l a t e d  runoff  from p r e c i p i t a t i o n .  Mois ture  i s  t h e n  p e r c o l a t e d  
from soil l a y e r  t o  s o i l  l a y e r  whenever s o i l  f i e l d  c a p a c i t y  i s  exceeded i n  a 
l a y e r .  The  p e r c o l a t i o n  r a t e  i s  determined u s i n g  a l i n e a r  s t o r a g e  r o u t i n g  
func t ior .  wh ich  m o d i f i e s  c o n d u c t i v i t y  from a s a t u r a t e d  c o n d u c t i v i t y  v a l u e  n e a r  
s o i l  s a t u r a t i o n  t o  0 a t  f i e l d  c a p a c i t y  (Savab i  e t  a l .  1989). 

S o i l  mois ture  i 
t r a n s p i r a t i o n .  
component used 

S modif ied  d a i l y  due  t o  p e r c o l a t i o n ,  s o i l  
R i c h i e ' s  ET model ( 1 9 7 2 )  i s  t h e  bas  

i n  A " - A G N P S ,  E v a p o t r a n s p i r a t i o n ,  l e a f  

e v a p o r a t i o n  and p l a n t  
ic e v a p o t r a n s p i r a t i o n  
area index ,  and soil 

t e x t u r e  c h a r a c t e r i s t i c s  a r e  u s e d -  t o  de t e rmine  an e v a p o r a t i o n  rate.  P l a n t  
t r a n s p i r a t i o n  v a l u e s  also i n c o r p o r a t e  t h e  e v a p o t r a n s p i r a t i o n  rate,  l e a f  a r e a  
index ,  a water u s e  r a t e -dep th  parameter ,  r o o t  d e p t h  and s o i l  m o i s t u r e  w i t h i n  t h e  
layers ( S a v a b i e t  a l .  1989) .  

P l a n t  Growth and Res idue  Decomposition 

The ANN-AGNPS model c o n t a i n s  r o u t i n e s  for s i m u l a t i n g  p l a n t  growth and decay. A 
s imple  hea t  u n i t  index  ( H U I )  accumula t ion  p rocedure  i s  used for growing t h e  p l a n t  
from p l a n t i n g  d a t e  t o  a u s e r  i n p u t  maximum p l a n t  m a t u r i t y  level ( W i l l i a m s  e t  al. 
1 9 8 9 ) .  ? h e  biomass i s  t h e n  appor t ioned  t o  above ground leaf and stems and below 
ground r o o t s .  The leaf area i ndex  i s  c a l c u l a t e d  i n c o r p o r a t i n g  updated biomass 
(Williams e t  a l .  1984) .  

Residue t h a t  accumula tes  on t h e  ground s u r f a c e  from l e a f  d rop  and h a r v e s t  a l te rs  
t h e  hydrau l i c s  and e r o d i b i l i t y  of t h e  so i l .  The r a t e  of r e s i d u e  biomass decay 
is a func t ion  of accumulated wea the r  and s o i l  m o i s t u r e  c o n d i t i o n s  (Stroo e t  al. 
1 9 8 9 ) .  Field o p e r a t i o n s  f u r t h e r  modify t h e  s t r u c t u r e  and l o c a t i o n  of r e s i d u e  
which i n  t u r n  i n f l u e n c e s  decomposition r a t e s .  

S o i l  Erosion 

Updating AGNPS from a s i n g l e  storm s i m u l a t i o n  t o  a m u l t i p l e  s to rm cont inuous  
s imula t ion  r e q u i r e d  s e l e c t i n g  a new s o i l  e r o s i o n  model t h a t  would i n c o r p o r a t e  
d a i l y  updated e n v i r o n m e n t a l  pa rame te r  va lues .  The Revised USLE, or  RUSLE, w a s  
s e l e c t e d  because  of its enhanced c a p a c i t y  t o  c a l c u l a t e  e r o s i o n  on a 1 5  day 
continuous b a s i s .  ANN-AGNPS u t i l i z e s  s e v e r a l  RUSLE r o u t i n e s  on a d a i l y  basis, 
c a l c u l a t i n g  e r o s i o n  whenever a r a i n  event  o c c u r s .  

The b a s i c  s t r u c t u r e  of RUSLE i s  t h e  same a s  t h e  USLE. The S USLE f a c t o r s :  R, K, 
LS, C, and P, are determined and t h e n  m u l t i p l i e d  t o g e t h e r  f o r  e s t i m a t i n g  r i l l  and 
sheet e ros ion .  The methods f o r  d e r i v i n g  e a c h  RUSLZ f a c t o r  i n v o l v e  u t i l i z i n g  
equa t ions  s i m u l a t i n g  tempora l  changes i n  t h e  environment which a l t e r  p h y s i c a l  
p rocesses  a f f e c t i n g  e r o s i o n  (Renard e t  a l .  i n  press). T h i s  new c a p a b i l i t y ,  
however, r e q u i r e s  t h e  u s e  of a computer model t o  c a r r y  o u t  t h e  c a l c u l a t i o n s .  

C Fac to r  

The RUSLE and ANN-AGNPS C-fac tor  c a l c u l a t i o n s  a re  t h e  most d e t a i l e d  and most 
necessary  t o  have a c c u r a t e l y  r e p r e s e n t i n g  t h e  p h y s i c a l  p r o c e s s e s .  Through t h e  
s e l e c t i o n  of management p r a c t i c e s  and t h e  subsequent  changes i n  envi ronmenta l  
parameters ,  t h e  u s e r  i s  capab le  of i n t e r a c t i n g  wi th  t h e  model and t e s t i n g  t h e  
impact of  a l t e r n a t i v e  f i e l d  management s c e n a r i o s .  Management and c ropp ing  
impacts o n  e r o s i o n  r a t e s  w i th in  ANN-AGNPS a r e  r e p r e s e n t e d  t h r o u g h  t h e  s o i l  loss 
r a t i o  (Si?.). SLR v a l u e s  a r e  r e f l e c t i v e  of ddily f i e l d  c o n d i t i o n  changes brought  
about by a p a r t i c u l a r  management p r a c t i c e  and modified by wea the r  c o n d i t i o n s .  
T h e  SLR i t s e l f  i s  d e r i v e d  from a number of  s u b f a c t o r s  (Yoder, et a l .  i n  p r e s s ) :  

SLR = PLU * CC * SC * SR (1) 
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w h e r e  PLY is t h e  p r i o r  l and  u s e  s u b f a c t o r ,  CC i s  t h e  canopy cove r  s u b f a c t o r ,  SC 
is t h e  sxr face  c o v e r  s u b f a c t o r ,  and S? i s  t h e  s u r f a c e  roughness.  

p r i o r  l a z e  us2 r e f l e c t s  t h e  impact of subsur face  r e s i d u e  from p rev ious  crops and 
t h e  e f f t t :  of  p r e v i o u s  t i l l a g e  p r a c t i c e s  o n  s o i l  c o n s o l i d a t i o n .  ANN-AGNPS 
accounts f a r  d a i l y  changes i n  biomass, needed f o r  t h e  d e t e r m i n a t i o n  of t h e  PLU 
subf acEzr. 

The  cane;:/ csver  s u b f a c t o r  r e p r e s e n t s  :he a b i l i t y  of  c rop  cover  
s o i l  s u r f r c e  from t h e  e r o s i v e  powers of r a ind rops .  Through t h e  
and incl:&lng s e n e s c e n c e ,  ANN-AGNPS kaeps  track of t h e  f r a c t i o n  
covezec 3y canopy and t h e  h e i g h t  of the  canopy, t h e  two p l a n t  gr  
needed ts de te rmine  t h e  v a l u e  of CC s c b f a c t o r -  

to prot 
growing 

of land 
owth par 

ec t  t h e  
I season  
s u r f a c e  
ameters  

Surfaca, csver  i n f l u e n c e s  e r o s i o n  r a t e s  by r educ ing  t h e  t r a n s p o r t  c a p a c i t y  of 
water flcwing o v e r  t h e  s o i l  s u r f a c e  by c r e a t i n g  m i n i - b a r r i e r s .  I t  also p r o t e c t s  
t h e  soil from r a i n d r o p  impact.  The sa rame te r s  used t o  de t e rmine  t h e  s u r f a c e  
cover sub fzc to r  a re  t h e  c u r r e n t  s o i l  su r f ace  roughness,  t h e  pe rcen tage  of l a n d  
area  c o v e r ~ c  by s u r f a c e  cove r ,  and t h e  e f f a c t i v e n e s s  of s u r f a c e  cover  i n  r e d u c i n g  
soil ercsisn. T h e  f i r s t  t w o  parameters  a r e  t r a c k e d  by ANN-AGNPS and t h e  t h i r d  
i s  a conscant v a l u e  i n  t h e  model. 

The s u r f i c e  roughness  s u b f a c t o r  r e p r e s e n t s  t h e  roughness o f  t h e  s u r f a c e  and its 
a b i l i t y  t3 dampen s o i l  e r o s i o n -  S o i l s  t h a t  have been t i l l e d  c o n t a i n  d e p r e s s i o n s  
and b a r z i s r s  which i n h i b i t  t h e  f low or' water and t h e  t r a n s p o r t  of sediments. 
Dai ly  va lzes  o f  s u r f a c e  roughness  decrease  as a f u n c t i o n  of t i m e  and r a i n f a l l .  
ANN-AGWS accounts  for t h i s  d e c r e a s e  i n  t he  same way a s  RUSLE, w i th  a f u n c t i o n  
r e l a t i n g  t h e  net roughness  f o l l o w i n g  a f i e l d  o p e r a t i o n  and a decay c o e f f i c i e n t  
based on che accumula ted  r a i n f a l l  amount s i n c e  t h e  l a s t  o p e r a t i o n .  

U t i l i z i n q  t h e  sp 
opera t ion  takes 
information and 
parameters from 

r e a d s h e e t  i n t e r f a c e ,  
place and t h e  p a r t i c u l a r  implement u t i l i z e d .  

t h e  management o p e r a t i o n s  d a t a  base .  

the ANN-AGNPS u s e r  records t h e  day  a f i e l d  
Based upon t h i s  

t h e  g e n e r a t e d  weather  d a t a ,  t h e  model r e t r i e v e s  t h e  needed 

LS Factor 

A"-AGNPS c a l c u l a t e s  a RUSLE LS f a c t o r  f o r  bo th  single-segmented and complex, 
mu l t ip l e - sqmen ted  slopes. The RUSLE L S  c a l c u l a t i o n  i n c l u d e s  c a l c u l a t i n g  slope 
steepness a d  slope l e n g t h  s u b f a c t o r s  and combining them i n t o  a single LS v a l u e .  
T h e  sloFe l ength  v a l u e  i s  mod i f i ed  based upon t h e  s u s c e p t i b i l i t y  of t h e  s o i l  t o  
r i l l  and i n t e r r i l l  e r o s i o n  (McCool et a l .  i n  p r e s s ) .  

? Fac to r  

ANN-AGNPS c a l c u l a t e s  a P f a c t o r  based u?on t h e  t y p e  of conservation - terraces, 
s t r ip-cropoing  o r  c o n t o u r s .  A P v a l u e  i s  c a l c u l a t e d  once per growing year and 
i s  based u2on how t h e  placement o r  c o n f i g u r a t i o n  of t h e  p r a c t i c e  r e l a t i v e  t o  t h e  
hillslop affects t h e  h y d r a u l i c s  of t h e  hillslope, which i n  t u r n  impacts  t h e  
sadiment transport c a p a c i t y  o f  runoff. The i q a c t  o f  p rev ious  c ropp ing  p r a c t i c e s  
on s u r f a c e  roughfiess i s  also i n c l u d e c  when de te rmin ing  P v a l u e s  for s t r i p -  
crcpping ( F o s t e r  et aL., i n  p r e s s ) .  

R Fac to r  

The e r o s i v i t y  c a p a c i t y  of r a i n f a l l  is determined by t h e  CLIGEN program. A 
ra ins torm d u r a t i o n  and a t i m e  t o  peak r a i n f a l l  i n t e n s i t y  are used  t o  c a l c u l a t e  
a p e r - s t o x  i n t e n s i t y  v a l u e  which is ussd i n  t h e  b a s i c  RUSLE e q u a t i o n  whenever 
a r a i n  evect occurs. 

K Factor  

Ac preser.:, ANN-AGNPS does no t  i n c o r p o r a t e  a time v a r i a b l e  K f a c t o r .  The K 
f a c t o r  is Loaded i n t o  t h e  program from t h e  s o i l s  data base  and  kept  c o n s t a n t  
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t h r o u g h o u t  t h e  program.  

MODEL INPUT AND OUTPUT 

ANN-AGNPS has i n  some ways s i m p l i f i e d  d a t a  i n p u t  to t h e  model and  a t  t h e  s a m e  
t i m e  r e q u i r e d  more d e t a i l .  T h e  e x t r a  d e t a i l  comes n o t  i n  d e f i n i n g  p a r t i c u l a r  
p a r a m e t e r  v a l u e s ,  b u t  r a t h e r  i n  d e s c r i b i n g  t h e  t y p e  and t i m i n g  of f i e l d  
management p r a c t i c e s .  ANN-AGNPS requkes t h e  same s t r u c t u r a l  i n f o r m a t i o n  n e e d e d  
i n  AGNPS f o r  d e f i n i n g  t h e  w a t e r s h e d  s h a p e ,  s i z e  and t h e  d i r e c t i o n  of f l o w  w i t h i n  
t h e  w a t e r s h e d ,  i n c l u d i n g  ce l l  s i z e ,  t h e  number of t h e  c e l l  i n t o  which a c e l l  
d r a i n s  ( r e c e i v i n g  c e l l  n u m b e r ) ,  and  t h e  c e l l  f l o w  d i r e c t i o n .  

S i m i l a r  t o  AGNPS, ANN-AGNPS r e q u i r e s  i n f o r m a t i o n  on  c h a n n e l s  located w i t h i n  e a c h  
c e l l ,  s p e c i f i c a l l y  t h e  c h a n n e l  s h a p e ,  c h a n n e l  s l o p e ,  c h a n n e l  s ide slo?e, the 
l e n u t h  of t h e  c h a n n e l  w i t h i n  t h e  ce l l  and Mannings'  r o u g h n e s s  c o e f f i c i e n t .  ~ 

Data  e n t r y  f o r  h i l l s i d e  t o p o g r a p h i c  d a t a  has b e e n  expanded t o  e n a b l e  i n p u t  of 
m u l t i p l e  segmented s lopes-  I n f o r m a t i o n  r e p i r e d  for b o t h  a s i n g l e  and m u l t i p l e  
segmented s l o p e  i n c l u d e  s l o p e  l e n g t h ,  p e r c e n t  slope, and slope aspect. 

ANN-AGNPS r e q u i r e s  more d e t a i l e d  i n f o r n a t i o n  on  s o i l  parameters. T h i s  s o i l  
information is accessed from t h e  m o d e l ' s  s o i l s  d a t a  base. The u s e r  i s  r e q u i r e d  
o n l y  t o  select  a s t a t e  and c o u n t y  c o n t a i n i n g  t h e  w a t e r s h e d  a n d  t h e n  choose  t h e  
dominant  soil mapping  u n i t  for e a c h  cell .  S o i l s  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  
d a t a  base c o n s i s t s  of t h e  number of s o i l  l ayers ,  d e p t h  of e a c h  l a y e r ,  soil 
s u r f a c e  a l b e d o ,  K f a c t o r ,  h y d r o l o g i c  g r o u p ,  and  p e r c e n t  c lay  s a n d ,  r o c k  
f r a g m e n t s ,  o r g q n i c  matter, and  c a t i o n  exchange f o r  e a c h  l a y e r .  If u p d a t e s  t o  t h e  
s o i l  d a t a  are n e e d e d ,  t h e  u s e r  c a n  e n t e r  new v a l u e s ,  a n d  save t h e  soil 
i n f o r m a t i o n  u n d e r  a new name. 

E n t e r i n g  i n f o r m a t i o n  f o r  a p a r t i c u l a r  cell's management p rac t i ce  r e q u i r e s  the 
g r e a t e s t  number of i n p u t s  f rom t h e  u s e r .  The user h a s  t o  create a management 
s c e n a r i o  f o r  e a c h  d i f f e r e n t  set of f i e l d  o p e r a t i o n s  r e p r e s e n t e d  b y  a w a t e r s h e d  
g r i d  ce l l .  These s c e n a r i o s  may r e p r e s e n t  e i z h e r  a c t u a l  p r a c t i c e s  o r  h y p o t h e t i c a l  
c o n s e r v a t i o n  s c e n a r i o s  t o  be tested. The management i n p u t  s c r e e n  prompts  the 
u s e r  f o r  t h e  number of crop's per r o t a t i o n  and t h e  t y p e  a n d  o r d e r  of c r o p s  i n  t h e  
r o t a t i o n .  I n f o r m a t i o n  on c o n s e r v a t i o n  management p r a c t i c e s  is prompted  if they 
e x i s t  f o r  a management s c e n a r i o .  Four  d i f f e r e n t  c o n s e r v a t i o n  p rac t ices  c a n  be 
a p p l i e d  (1) c o n t o u r s ,  ( 2 )  s t r i p  c r o p p i n g ,  ( 3 )  terraces a n d  ( 4 )  f i l t e r  s t r i p s .  
S p e c i f i c  i n f o r m a t i o n  descr ibing t h e  s i z e ,  p l a c e m e n t  a n d  o r i e n t a t i o n  of t h e s e  
p r a c t i c e s  is requested. 

The u s e r  t h e n  enters t h e  t y p e  and d a t e  of f i e l d  o p e r a t i o n s  t a k i n g  place w j t h i n  
a r o t a t i o n .  F i e l d  o p e r a t i o n s  are d i v i d e d  i n t o  t i l l a g e  ( so i l  d i s t u r b a n c e ) ,  
p l a n t i n g ,  h a r v e s t / c u t t i n g  a n d  f e r t i l i z i n g .  The program r e q u i r e s  t h e  u s e r  t o  
c h o o s e  s p e c i f i c  implements, f e r t i l i z e r  ra tes  f o r  b o t h  N and P, a f e r t i l i z e r  
a v a i l a b i l i t y  f a c t o r ,  and e i t h e r  a h a r v e s t  amount in b u s h e l s  o r  a r e m a i n i n g  
r e s i d u e  c o v e r  i n  e i t h e r  p e r c e n t  o r  lbs/acre. Management s c e n a r i o s  are saved 
i n  t h e  management d a t a  base. A p a r t i c u l a r  s c e n a r i o  can be copied t o  any other 
c e l l  a n d  used  i n  i t s  o r i g i n a l  form o r  a l t e r e d  t o  create a new s c e n a r i o .  

MODEL TESTING 

The  f i r s t  p r e l i m i n a r y  t e s t  of A"-AGNPS i s  b e i n g  carried o u t  on  a m o n i t o r e d  
w a t e r s h e d  s o u t h  of Morris, Minnesota .  The w a t e r s h e d  i s  1087 acres i n  size, w i t h  
1063 acres i n  c r o p l a n d ,  13 acres i n  w o o d l o t s ,  8 acres i n  farmstead, and 3 acres 
i n  p a s t u r e .  C r o p l a n d  is b r o k e n  down i n t o  6 3 3  acres of c o r n ,  235 acres o f  
soybeans, 184 acres of small g r a i n  and 11 a c r e s  of s e t - a s i d e  f a l l o w .  

The dominant  s o i l  i n  t h e  w a t e r s h e d  is a Barnes-Buse Loam complex w i t h  
a p p r o x i m a t e l y  70% B a r n e s  and  30 % Buse. Both  a r e  d e e p ,  well d r a i n e d  s o i l s  
l o c a t e d  o n  g e n t l y  r o l l i n g  t o  h i l l y  l a n d s c a p e s .  T h e  m a j o r i t y  of  t h e  w a t e r s h e d  is 
r e l a t i v e l y  f l a t  a n d  g e n t l y  s lop ing ,  w i t h  s l o p e s  r a n g i n g  from 0 - 3 %.  The u p p e r  
r e a c h e s  of t h e  watershed a re  somewhat s t e e p e r  r a n g i n g  from 3 - 5 % s l o p e  a n d  
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dissected by s h o r t  s t e e p e r  slopes ranging  from 6 - 7 % .  

T h e  watershed i s  e n t i r e l y  su r face -d ra ined  th rough  n a t u r a l l y  o c c u r r i n g  d e p r e s s i o n s  
and channels .  W i t h i n  some f i e l d s  a b c f f e r - s t r i p  has been L e f t  a few meters on 
each s i d e  of t h e  c h a n n e l ,  w h i l e  i n  o t h e r  f i e l d s  t h e  channel  i s  t i l l e d  t h r o u g h ,  
Channel width for t h o s e  wi th  d e f i n i t e  fcrm r a n g e s  from 1 t o  3 meters, i n c r e a s i n g  
i n  width dcwn sloge. Slopes  of channels  va ry  w i t h  land slope, ranging  from 3 - 
4 % i n  t h e  uplands  to n e a r  0 - 3 % i n  s h e  lower a r e a s  of t h e  watershed. 

The watershed w a s  d i v i d e d  i n t o  28  fo r=y  a c r e  g r i d  c e l l s  and d a t a  was c o l l e c t e d  
from l o c a l l y  a v a i l a b l e  s o u r c e s  and e n t s r e d  i n t o  t h e  model 's  spread shee t .  Data 
c o l l e c t i o n  -was f a c i l i t a t e d  by u s i n 5  a Geographic I n f o r i a t i o n  System i n  
c a l c u l a t i n g  f l o w  d i r e c t i o n s  and l a n d  s lope,  a s  w e l l  a s  d e t e r m i n i n s  which f i e l d  
and s o i l  c D n s t i t u t e d  t h e  m a j o r i t y  area w i t h i n  t h e  c e l l .  Add i t iona l  f i e l d  
checking w i i s  r e q u i r e d  t o  g a t h e r  d a t a  on channel  c h a r a c t e r i s t i c s  and t o  v a l i d a t e  
va lues  genera ted  by t h e  G I s .  

Model Results 

The watershed was moni to red  d u r i n g  t h e  1992 growing season. Data was c o l l e c t e d  
f o r  only 1 major storm e p i s o d e  c o n s i s t i n g  of s e v e r a l  c l o s e l y  occur r ing  r a i n  
storms wi th  one major e v e n t .  

Date R a i n f a l l  Runoff Volurr,e Peak Discharge Sediment Yield 
t o n s  i n c h e s  i n c h e s  c f s  

obs pred obs  pred obs p r e d  

6/16-6/17 2.69 0.60 0 . 6 5  4 6 . 8  40.8 16.97 2 8 . 6 5  

Table 1. Summary of observed and p r e d i c t e d  wa te r shed  response .  

ANN-AGNPS s imula t ed  t h e  one s to rm reasonably  well. As can be observed, a l a rse  
percentage  of r a i n f a l l  ended up as 
account f o r  a n t e c e d e n t  s o i l  m o i s t u  
e s t i m a t e  runoff more a c c u r a t e l y  t h e n  
f o r  t h e  storm of i n t e r e s t .  Fo r  t h i s  
68%. This  may b e  due  t o  inadequa t  

watershed runof f .  The model 's  a b i l i t y  60 
.re c o n d i t i o n s  perhaps he lps  t h e  model t o  
i f  a s ing le  curve  number v a l u e  was r e q u i r e d  
storm, sed iment  y i e l d  w a s  o v e r  p r e d i c t e d  by 
e accoun t ing  f o r  t h e  f i l t e r i n g  e f f e c t s  of 

v e g e t a t i o n  a long  
e n t e r i n g  l a t e r a l  
subd iv id ing  some 
channels. 

several of t h e  
l y  i n t o  t h e s e  
ce l l s  t o  more 

channels ,  a s  t h e y  a f f e c t  up land  
channels .  T h i s  could  p o s s i b l y  
a c c u r a t l e y  r e p r e s e n t  t h e  f i l t e r  

eroded sed imen t s  
be c o r r e c t e d  by 
strips along the 

One r a ins to rm obvious ly  does n o t  c o n s t i t a t e  a s u f f i c i e n t  set of o b s e r v a t i o n s  from 
which t o  a s s e s s  the accuracy  of the model. A l s o ,  n u t r i e n t  o b s e r v a t i o n s  were n o t  
inc luded  i n  t h i s  p r e l i m i n a r y  a n a l y s i s .  S i n c e  sediment is but one s o u r c e  of 
a g r i c u l t u r a l  p o l l u t a n t s ,  a model t h a t  is t o  b e  used for t h e  WQP? must also 
account f o r  n u t r i e n t s  as well a s  p e s t i c i d e s .  Continued v a l i d a t i o n  w i l l  take 
p lace ,  looking  at b o t h  sediment- and a g r i c u l t u r a l  chemica l  y i e l d s ,  u s i n g  
a d d i t i o n a l  d a t a  s e t s  from around t h e  country.  

CONCLUSIONS 

Expanding AGNPS beyond a s i n g l e  e v e n t  mcdel h a s  added c o n s i d e r a b l e  c a p a c i t y  t o  
t h e  model. ANN-AGNPS i s  be t te r  capable  of accoun t ing  for t empora l  v a r i a t i o n s  
which g r e a t l y  i n f l u e n c e  t h e  g e n e r a t i o n  and t r a n s p o r t  of a g r i c u l t u r a l  p o l l u t a n t s .  
This a c c o u n t a b i l i t y  w i l l  r e s u l t  in b e t t e r  e s t i m a t i o n s  of sed iment  and n u t r i e n t  
l oad ing  from t h e  wa te r shed .  Another advantage of t h e  con t inuous  model is t h e  
a b i l i t y  of t h e  u s e r  t o  i n t e r a c t  w i t h  t h e  model on a more d i r e c t  and f a m i l i a r  
l e v e l .  I n s t e a d  of i n p u t t i n g  e s t ima ted  c o e f f i c i e n t  v a l u e s  r e p r e s e n t i n g  a 
p a r t i c u l a r  a n t e c e d e n t  c o n d i t i o n ,  t h e  model u s e r  can i n p u t  t h e  t iming  o f  the 
p r a c t i c e  and t h e  t y p e  of implement used. T h e  t r u e  u t i l i t y  of ANN-AGNPS w i l l  be 
i n  i t s  a b i l i t y  t o  g e n e r a t e  a l t e r n a t i v e  management s c e n a r i o s  and e a s i l y  re-locate 
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those practices around a watershed to evaluate changes in pollutant loadings. 
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