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1 .  INTRODUCTION 

A number o f  models have been developed f o r  syn thes i z i ng  

s t reamf low from snowmelt. For example: the  U.S .  Na t i ona l  Weather 

Serv ice  R iver  Forecas t ing  System, NWSRFS (U.S. Department o f  Commerce, 

1972; Anderson, 1973; Peck, 1976); t he  Streamflow S imu la t i on  and 

Reservo i r  Regu la t ion  Model, SSARR (U.S. Army Corps o f  Engineers,  

1972) ; the  Hydrolog i c a l  Eng i neer i ng Centre HEC-1 F lood Hydrograph 

Package (U.S. Army Corps o f  Engineers,  1973); t he  U.S. Department o f  

A g r i c u l t u r e  Hydrograph Labora to ry  Model USDAHL-74 (Hol t an  e t  a1 . , 
1975); t he  HBV o f  the  Swedish Me teo ro log i ca l  and Hyd ro log i ca l  I n s t i -  

t u t e  ( ~ e r ~ s t r L m ,  1978) and t h e  UBC Watershed and Flow Model (Qu ick  and 

Pipes, 1972). O f  t he  systems which have been developed no model has 

been adopted f o r  u n i v e r s a l  use. S i m i l a r l y ,  i n  Canada t he  water  

management agencies o f  d i f f e r e n t  Provinces respons ib le  f o r  s t reamf low 

fo recas t i ng  a r e  n o t  unanimous i n  t h e i r  cho ice  o f  a model t h a t  bes t  

s a t i s f i e s  t h e i r  requi rements and produces the  most r e l i a b l e  and 

accu ra te  r e s u l t s .  For example, r e c e n t l y  t he  M i n i s t r y  o f  Na tu ra l  

Resources, Prov ince  o f  O n t a r i o  tendered a study o f  t he  s u i t a b i l i t y  o f  

e i gh teen  snowmelt sub rou t i nes  used i n  e x i s t i n g ,  es tab l i shed  models f o r  

i n t e r f a c i n g  w i t h  t h e i r  s t reamf low f o r e c a s t i n g  system (Maclaren Plan-  

search, 1984). Ongoing t e s t s  a r e  be ing conducted by t he  World Met- 

e o r o l o g i c a l  O rgan i za t i on  and o t h e r  bodies on t he  performance o f  a 

number o f  t he  "better-known" models i n  d i f f e r e n t  phys iograph ic  and 

c l  i m a t i c  reg ions  o f  t h e  wor ld .  

Each model d i f f e r s  f rom another ,  e i t h e r  as i t  c a l c u l a t e s  

h y d r o l o g i c a l  components o r  s imu la tes  t he  processes o f  snowcover 

accumulat ion and a b l a t i o n ,  evapora t ion ,  i n f i l t r a t i o n ,  changes i n  s o i l  

mo i s tu re  s torages and f l o o d  r o u t i n g .  A main f a c t o r  c o n t r i b u t i n g  t o  t he  

d i f f e r e n c e s  i s  t h a t  most models were developed under a s p e c i f i c  s e t  

o f  phys iog raph i ca l  c o n d i t i o n s ,  e.g. c l ima te ,  topography, v e g e t a t i o n  

and so i  1 types. Consequent ly,  a model developed i n  a mountainous area 

w i l l  n o t  u s u a l l y  g i v e  r e l i a b l e  s t reamf low s imu la t i ons  f o r  a p r a i r i e  

watershed; nor  shou ld  i t  be expected. Even when a model i s  a p p l i e d  t o  

an area w i t h  s i m i l a r  c h a r a c t e r i s t i c s  t o  those where i t  was developed, 

e x t e n s i v e  c a l i b r a t i o n  and t e s t i n g  o f  i t s  performance i s  u s u a l l y  necessary.  



The s i m u l a t i o n  o f  snowmelt r u n o f f  has been most success fu l  

where t h e r e  i s  abundant, u n i f o r m l y - d i s t r i b u t e d  snow and pronounced 

t opog raph i ca l  r e l i e f .  The o p p o s i t e  s i t u a t i o n  e x i s t s  on t he  P r a i r i e s .  

The snowcover i s  sha l low and l a r g e  e s t i m a t i o n  e r r o r s  i n  snowcover 

dep th  and wate r  e q u i v a l e n t  f r e q u e n t l y  occur ,  t h e r e  i s  l i t t l e  r e l i e f  

and evapo ra t i on ,  i n f  i 1 t r a t  i on  and depress i ona l  s t o rage  a r e  o f t e n  

comparable i n  magnitude w i t h  t h e  t o t a l  water  con ten t  o f  t he  snowcover. 

D e f i n i t i o n  o f  a  b a s i n ' s  snow resource i s  comp l i ca ted  by t h e  i n t e r a c -  

t i o n  o f  wind w i t h  b o t h  topography and snowcover. Th i s  b iases  measure- 

ments and obscures t h e  runo f f  p o t e n t i a l .  Cont inued s t r ong  winds erode 

f r i a b l e  snowcovers and t r a n s p o r t  bo th  f a l l i n g  and e r o d i b l e  snow 

downwind. A comparison between measurements o f  snowcover a t  c l i m a t o -  

l o g i c a l  s t a t i o n s  and ad jacen t  windswept f i e l d s  showed t h a t  o n l y  about 

t w o - t h i r d s  o f  t h e  snow fa l l  recorded a t  t h e  s t a t i o n s  was r e t a i n e d  on 

t h e  f i e l d s  ( ~ c ~ a y ,  1963). Much o f  t he  " l o s t "  snow sub l imates  d u r i n g  

w ind  t r a n s p o r t  o r  accumulates i n  s h e l t e r b e l t s ,  d i t c h e s  and g u l l i e s .  

For  t h a t  reason snow surveys taken i n  exposed s i t e s  can be ve ry  poor 

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

The performance o f  a  model i n  s i m u l a t i n g  s t reamf low f rom 

n a t u r a l  catchments i s  d i r e c t l y  r e l a t e d  t o  t h e  accuracy w i t h  which 

i n f i l t r a t i o n  i s  eva lua ted .  I n  most o p e r a t i o n a l  systems i n f i l t r a t i o n  i s  

es t ima ted  by e m p i r i c a l  equa t ions  such as those repo r t ed  by Hor ton  

(1940) and H o l t a n  (1961), s o i l  mo i s tu re  accoun t ing  r o u t i n e s ,  o r  f rom 

r e l a t i o n s h i p s  t h a t  index antecedent  groundwater s t o rage  c o n d i t i o n s  and 

t h e  s o i l  m o i s t u r e  s t o rage  p o t e n t i a l  t o  t he  base f l o w  recess ion  charac- 

t e r i s t i c s  o f  t he  s t reamf low hydrograph. Two main problems a r i s e  i n  

a p p l y i n g  these  procedures t o  watersheds i n  n o r t h e r n  and wes t - cen t ra l  

Canada namely; ( 1 )  no a t t emp t  i s  made t o  d i s t i n g u i s h  d i f f e r e n c e s  i n  

t h e  i n f i l t r a t i o n  process t o  un f rozen  and f r o z e n  s o i l s  and (2)  many 

streams a r e  ephemeral, i . e .  f l o w  o n l y  occurs  f o l l o w i n g  a  r a i n f a l l  o r  

snowmelt event  and t h e r e f o r e  t he  recess ion  p r o p e r t i e s  o f  t h e  hydro-  

graph do n o t  p r o p e r l y  index t h e  s o i l  mo i s tu re  s t o rage  o f  a  b a s i n  a t  

t h e  t ime o f  r u n o f f .  

Runof f  f rom a  P r a i r i e  watershed i s  n o t  generated u n i f o r m l y  

f rom t h e  a rea  enc losed by the  topograph ica l  d i v i d e  o f  t he  bas in .  



P r a i r i e  lands a r e  r e l a t i v e l y - f l a t  and t h e i r  n a t u r a l  dra inage systems 

a r e  o f t e n  p o o r l y  developed and unconnected. A t  t imes t h e r e  may be no 

c o n t r i b u t i o n  o f  r u n o f f  f rom l a r g e  areas o f  t h e  watershed because o f  

t h e  l a c k  o f  snowcover and t he  l a r g e  amounts o f  depress iona l  s torage.  

Yet even under these c o n d i t i o n s  s i g n i f i c a n t  r u n o f f  can occur ,  t he  

source be ing snow i n  t h e  l ess  v i s i b l e  channels and depress ions t h a t  

feed t h e  main drainageway. A  1966 survey o f  in-channel snow near 

Regina showed 12,322 m 3  o f  water/1000 m o f  channel when t he  snow had 

v i r t u a l l y  disappeared f rom ad jacen t  f i e l d s  and b e f o r e  s i g n i f i c a n t  

s t reamf low.  I n  1984, surveys near M e l f o r t ,  Saskatchewan showed an 

average snowcover o f  540 mm i n  d i t c h e s  ad jacen t  t o  f i e l d s  having an 

average depth o f  70 mm. Snow i n  the  d i t c h e s  was denser than i n  the  

f i e l d s ;  an average densi t y  o f  340 kg/m3 compared wi t h  190 kg/m3 and 

con ta ined  more i c e  l aye rs .  Rough c a l c u l a t i o n s  suggested t he  water  

e q u i v a l e n t  o f  t h e  snow i n  t h e  d i t c h e s  o f  about 16,430 m3/1000 m. In-  

channel snow, a l though an impor tan t  source o f  wa te r  i n  low snow 

years,  i s  an impediment t o  f l o w  and the n a t u r e  o f  i t s  water  s torage,  

t r ansm iss ion  and me l t  c h a r a c t e r i s t i c s  can be c r i t i c a l  t o  hydrograph 

syn thes is ,  p a r t i c u l a r l y  on smal l  and medium-sized watersheds. As 

s to rage  i s  f i l l e d  ove r f l ow  en te rs  the  channels.  The r e s u l t  i s  t h a t  a  

P r a i r i e  b a s i n  has a  v a r i a b l e  " c o n t r i b u t i n g "  area whose magnitude 

v a r i e s  w i t h  such f a c t o r s  as t he  amount o f  snow fa l l  and antecedent s o i l  

m o i s t u r e  and su r f ace  s to rage  cond i t i ons .  I n  t h i s  regard  h y d r o l o g i s t s  

have made use o f  t he  concept o f  " E f f e c t i v e "  and "Gross" dra inage 

areas. The " E f f e c t i v e "  area i s  t h a t  p o r t i o n  o f  a  b a s i n  which migh t  be 

expected t o  e n t i r e l y  c o n t r i b u t e  r u n o f f  t o  t h e  main stream du r i ng  a  

f l o o d  w i t h  a  r e t u r n  o f  two years;  the "Gross" area i s  t he  p lane area 

enc losed by t h e  dra inage d i v i d e  which might  be expected t o  c o n t r i b u t e  

r u n o f f  t o  the  o u t l e t  under ext remely  wet c o n d i t i o n s  (Godwin and M a r t i n ,  

1975). The " E f f e c t i v e "  area inc ludes  the  major channels and land 

immediate ly  ad jacen t  t o  de f i ned  drainageways. I t  i s  t he  snowcover i n  

these areas t h a t  needs t o  be surveyed i n  low snow years;  t h i s  component 

o f  the  average bas in  snowcover becomes l e s s  impor tan t  i n  snowier 

w i n t e r s  because o f  the l a r g e r  area c o n t r i b u t i n g  t o  r u n o f f .  Fu r t he r  

research  i s  needed i n t o  the  i n t e r a c t i o n  o f  s n o w f a l l ,  snowcover and 

topograph ica l  aspects,  and c o n t r i b u t i n g  area. 



2. OBJECTIVES 

The p r o j e c t  r epo r t ed  h e r e i n  i s  a  c o n t i n u a t i o n  o f  the p r o j e c t  

"Snowmelt i n f i l t r a t i o n  i n t o  f r ozen  P r a i r i e  s o i l s "  which was under taken 

f o r  t h e  Research Management D i v i s i o n ,  A l b e r t a  Environment under con- 

t r a c t  AE No. 84-0472 and r e p o r t e d  i n  31 March 1984. The work focusses 

o n  t h e  problem o f  i n f i l t r a t i o n  t o  f r o z e n  s o i l s  w i t h  t h e  major  aim 

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

can be used i n  computer-based, o p e r a t i o n a l  f o r e c a s t i n g  systems f o r  

s i m u l a t i n g  s t reamf low f rom snowmelt on watersheds i n  A l b e r t a  and 

Saskatchewan. S p e c i f i c a l l y ,  t he  p r o j e c t  o b j e c t i v e s / t e r m s  o f  re fe rence  

were: 

1 .  To generate  a  computer program (based on p rev ious  work) 

d e s c r i b i n g  t he  snowrnelt-infiltration-runoff i n t e r a c t i o n s .  

2. To debug, t e s t  and eva lua te  t h e  a l g o r i t h m  ( i t e m  1 )  when 

used i n  t h e  Un i t ed  S ta tes  Na t i ona l  Weather Serv ice  R ive r  

f o r e c a s t i n g  System - Sacramento Model (NWSRFS) f o r  synthe- 

s i z i n g  s t reamf low f rom snowmelt on watersheds i n  Saskat- 

chewan. 

3 .  To i n c o r p o r a t e  t h e  program ( i t e m  1 )  i n t o  t he  Streamflow 

Syn thes is  and Rese rvo i r  Regu la t i on  System (SSARR).  

4. To t e s t  and eva lua te  t h e  performance o f  t h e  "modi f ied 

SSARR model" i n  syn thes i z i ng  s t reamf low from snowmelt on 

se lec ted  watershed ( s )  o f  i n t e r e s t  t o  t he  Hydrology Branch, 

Environment A l b e r t a ,  e.g. V e r m i l i o n  R i ve r  a t  V e g r e v i l l e ,  

A1 be r t a .  

3 .  DEVELOPMENT OF AN INFILTRATION ALGORITHM 

Based on approx imate ly  f i f t e e n  years  o f  s tudy o f  t h e  snow 

hyd ro l ogy  o f  t h e  P r a i r i e  reg ion ,  t h e  r e s u l t s  o f  i n f i l t r a t i o n  s t u d i e s  

i n  s i m i l a r  c l i m a t i c  reg ions  o f  t h e  USSR repo r t ed  i n  t h e  l i t e r a t u r e  

( ~ o t o v i l o v ,  1978, 1979; Popov, 1973) and t he  f i n d i n g s  o f  a  comprehen- 

s i v e  s tudy  o f  i n f i l t r a t i o n  t o  f r o z e n  s o i l s  i n  t h e  Dark Brown and Brown 

s o i  1 zones o f  Saskatchewan ( ~ r a n ~ e r  e t  a1 . , 1984), i t  i s  suggested 

t h a t  f r o z e n  s o i l s  may be grouped i n t o  t h r e e  broad ca tego r i es  w i t h  

r ega rd  t o  t h e i r  i n f i l t r a t i o n  p o t e n t i a l ,  namely; R e s t r i c t e d ,  L i m i t e d  

and Unl im i  t ed  (see F i g .  1 ) .  



R e s t r i c t e d  - i n f i l t r a t i o n  i s  impeded by an impermeable l a y e r ,  such as 

an i c e  lense on t he  s o i l  su r f ace  o r  a t  a  sha l low depth i n  

t h e  s o i l .  For p r a c t i c a l  purposes t he  amount o f  me l twa te r  

i n f i l t r a t i o n  can be assumed t o  be n e g l i g i b l e  and most o f  t he  

snow water  goes t o  evapora t ion  o r  d i r e c t  r u n o f f .  

L i m i t e d  - i n f i l t r a t i o n  i s  governed p r i m a r i l y  by t he  snowcover water  

e q u i v a l e n t  and t he  f r ozen  water  ( i c e )  con ten t  o f  t he  s o i l  

l a y e r ,  0-300 mm. 

U n l i m i t e d  - a  s o i l  c o n t a i n i n g  a  h i g h  percentage o f  l a rge ,  a i r - f i l l e d ,  

n o n - c a p i l l a r y  pores o r  macropores a t  t he  t ime o f  m e l t  and 

most o r  a l l  t he  snow water i n f i l t r a t e s .  Examples o f  these 

s o i l s  a r e  d r y ,  heav i l y -c racked  c l a y s  and coarse, d r y  sands. 

I n  t he  c l a s s i f i c a t i o n  i t  i s  ev i den t  t h a t  when evapo ra t i on  and sur face 

s to rage  losses a r e  neg lec ted  t he  r u n o f f  c o e f f i c i e n t s  t o  be assigned t o  

s o i l s  o f  R e s t r i c t e d  and U n l i m i t e d  i n f i l t r a t i o n  p o t e n t i a l  i n  a  p r a c t i -  

c a l  mode l l i ng  scheme would be 1.0 and 0  r e s p e c t i v e l y .  Thus, t he  

problem remaining i s  one o f  d e f i n i n g  t he  r e l a t i o n s h i p  between i n f i l -  

t r a t i o n ,  snowcover water  equ i va len t  and a  f rozen s o i l  mo i s tu re  con ten t  

f o r  the  L i m i t e d  case. Th i s  can be done us ing  t h e  r e s u l t s  r epo r ted  by 

Granger e t  a l .  (1984). They found i n  medium t o  f i n e - t e x t u r e d ,  uncracked 

f r o z e n  P r a i r i e  s o i l s  i n  which the  e n t r y  o f  me l twa te r  was n o t  impeded 

by an impermeable l a y e r  t h a t :  (a) t he  average depth water  pene t ra ted  a  

s o i l  d u r i n g  snowcover a b l a t i o n  was 260 mm (s tandard d e v i a t i o n  = 100 

mm) and (b)  t he  amount o f  snowmelt i n f i l t r a t i o n  was i n v e r s e l y  r e l a t e d  

t o  t he  average mo i s tu re  ( i c e )  con ten t  o f  t he  s o i l  l a y e r ,  0-300 mm, a t  

t h e  t ime o f  m e l t .  Based on these f i n d i n g s ,  they d e r i v e d  a  se t  o f  

equa t ions  d e f i n i n g  t he  i n t e r r e l a t i o n s h i p s  between snowmelt i n f i l t r a -  

t i o n  ( I N F ) ,  snowcover water equ i va len t  (SWE) and t he  premel t  mo i s tu re  

con ten t  (8 ) .  For p r a c t i c a l  purposes, these resu l  t s  can be app rox i -  
P  

mated by t he  equat ion :  

INF = 5(1-0 ) S W E O ' ~ ~ ~  
P  

i n  which INF and SWE a r e  i n  mm and 0  i s  t he  degree o f  pore  sa tu ra -  
P  

t i o n  cm3/cm3. 



R e s t  
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r ic ted:  l n f l l t r o t i o n  Is low, high runoff  potential .  

Decreosinp Soi l  Moisture Content 

( b )  L i m i t e d :  I n f i l t r a t i o n  is  g o v e r n e d  p r i m a r i l y  by I c e  
c o n t e n t  of t h e  s o i l  l a y e r  0 -  3 0 0 m m  a t  t h e  t i m e  
o f  m e l t .  

( c )  Un l i rn l ted :  S o i l  h a s  the capac i ty  to infiltrate a l l  
or  most  of t h e  snowcover water equ lva lent .  

Figure 1. Conceptual model for classifying the infiltration potential 
of frozen Prairie soils: (a) Restricted, (b) Limited and 
(c) Unlimited (after Gray et al., 1984). 



3.1 SEQUENCING INFILTRATION QUANTITIES - THE LIMITED CASE 

I n  o rde r  t o  app ly  t he  model i n  o p e r a t i o n a l  p r a c t i c e  t h e  

v a r i a t i o n  i n  i n f i l t r a t i o n  r a t e  w i t h  t ime  over  t he  me l t  p e r i o d  must be 

assumed. The i n f i l t r a t i o n  p a t t e r n  depends on many f a c t o r s :  the  r a t e s  

o f  snowmelt and snowcover r u n o f f ;  t h e  depth,  temperature regime and 

wate r  t ransmiss ion  c h a r a c t e r i s t i c s  o f  t h e  snowcover; t he  con ten t  and 

d i s t r i b u t i o n  o f  i c e  i n  the  f r ozen  s o i l ,  t he  s o i l  temperature regime 

and o t h e r s .  F i gu re  2  (Granger e t  a l . ,  1984) i l l u s t r a t e s  t he  e f f e c t s  

o f  p reme l t  s o i l  mo is tu re ,  snowcover depth and m e l t  c o n d i t i o n s  on 

snowrnel t i n f  i 1 t r a t i o n .  

Curve 1 - i n f i l t r a t i o n  t o  a  r e l a t i v e l y  d r y  s o i l  ( ~ 1 4 %  mo is tu re  con- 

t e n t  by volume) r e s u l t i n g  f rom the  slow m e l t  o f  a  r e l a t i v e l y -  

deep, P r a i r i e  snowcover ( '~500  mm). I n f i l t r a t i o n  i s  delayed 

by the  movement and s to rage  o f  me l twa te r  i n  t he  snowcover. 

A f t e r  the  snow r i pens ,  wa te r  i s  re leased a lmost  con t i nuous l y  

throughout  the  m e l t  pe r i od .  I n f i l t r a t i o n  occurs a t  v a r i a b l e  

DAYS O F  SNOWMELT 

i g u r e  2. Mass snowcover i n f i l t r a t i o n  curves.  Curve 1 :  d r y  s o i l  ( ~ 1 4 %  
m o i s t u r e  by volume), deep snowcover and v a r i a b l e  r a t e s  o f  
snowmelt; Curve 2: ( ' ~18% m o i s t u r e  by volume), r a p i d  m e l t  o f  
snowcover, and wate r  ponds on t h e  sur face ;  and Curve 3 :  (%35% 
m o i s t u r e  by volume), r a p i d  m e l t  and i c e  l a y e r  forms a t  t h e  
sur face  e a r l y  i n  t h e  me1 t p e r i o d  ( a f t e r  Granger e t  a l . ,  1984). 



r a t e s  w i t h  a  t r end  f o r  t he  r a t e  t o  inc rease  w i t h  t ime be- 

cause o f  an increase i n  t he  r a t e  o f  re lease  o f  me l twa te r  and 

thawing o f  t he  s o i l .  

Curve 2 - i n f i l t r a t i o n  t o  a  r e l a t i v e l y  d r y  s o i l  ( ~ 1 8 %  mois tu re  con- 

t e n t  by volume) caused by the  r a p i d  m e l t  o f  a  r i p e  snowcover 

and water  ponds on the  s o i l  su r f ace  p r o v i d i n g  a reasonably 

cons tan t  supply.  The maximum i n f i l t r a t i o n  r a t e  occurs e a r l y  

i n  m e l t  and the  s o i l  mo i s tu re  s to rage ,  which i s  l i m i t e d  

because o f  r e f r e e z i n g  o f  me l twa te r  i n  t he  s o i l  and reduced 

downward p e r c o l a t i o n ,  i s  s a t i s f i e d  a f t e r  approx imate ly  n i n e  

days o f  me1 t. 

Curve 3 - i n f i l t r a t i o n  t o  a  r e l a t i v e l y  wet s o i l  (%35% mois tu re  con- 

t e n t  by volume) r e s u l t i n g  f rom the  r a p i d  m e l t  o f  a  sha l low 

snowcover; an i c e  l aye r  formed a t  t he  s o i l  su r f ace  and 

prevented i n f i l t r a t i o n  u n t i l  i t  thawed on the  f i f t h  day o f  

m e l t .  The amount o f  i n f i l t r a t i o n  i s  low. 

I n  v iew o f  t he  s t rong  dependency o f  i n f i l t r a t i o n  on t h e  m e l t  

process i t  would seem l o g i c a l  t o  a l l o w  t h e  o u t p u t  o f  me l twa te r  f rom 

the  snowcover generated by the a b l a t i o n  sub rou t i ne  o f  a  model t o  be a 

dominant f a c t o r  i n  sequencing the i n f i l t r a t i o n  amount. Four approaches 

t o  t h e  problem were cons idered:  

1 .  Assume t h a t  up t o  t he  t ime the snowmelt i n f i l t r a t i o n  p o t e n t i a l  

o f  a  f r ozen  s o i l  (Eq. 1) i s  s a t i s f i e d  a l l  me l twa te r  re leased by 

t h e  snowcover e n t e r s  the  s o i l .  That i s  t h e  i n f i l t r a t i o n  r a t e  

i s  taken equal t o  the r a t e  o f  me l twa te r  r e l ease  and no snowcover 

r u n o f f  occurs  t o  a  stream channel.  Th i s  procedure has the  advan- 

tages t h a t  i t  i s  d i r e c t ,  s imp le  and easy t o  program. However, i t  

has t he  disadvantages t h a t  i t  cons ide rs  a  f r o z e n  s o i l  has an 

u n l i m i t e d  c a ' p a b i l i t y  o f  absorb ing wate r  d u r i n g  t he  e a r l y  p a r t  o f  

m e l t ,  t h a t  t h e  i n f i l t r a t i o n  process does n o t  con t i nue  throughout  

t h e  e n t i r e  a b l a t i o n  pe r i od  and t h e  t ime  o f  snowcover r u n o f f  i s  

s e t  d i r e c t l y  by t he  a b l a t i o n  sub rou t i ne  o f  t he  system. I t  i s  

expected t h a t  t h i s  procedure would p r o v i d e  b e t t e r  r e s u l t s  i n  t h e  

case o f  a  s low m e l t  as compared t o  a  r a p i d  m e l t .  

2. Assume i n f i l t r a t i o n  t o  be a cons tan t  percentage o f  t he  amount o f  



mel twate r  re leased by t he  snowcover. Th is  approach has t he  same 

advantages as the above ( i t e m  1) .  I n  a d d i t i o n  i t  a l l o w s  i n f i l -  

t r a t i o n  t o  con t i nue  throughout  the  p e r i o d  o f  a b l a t i o n  and can be 

used f o r  bo th  advanced and delayed m e l t  p a t t e r n s .  The major  

l i m i t a t i o n  t o  the  method i s  t h a t  i t  t i e s  t h e  i n f i l t r a t i o n  process 

d i r e c t l y  t o  the  snowcover a b l a t i o n  sequence bo th  i n  t i m i n g  and 

magnitude, t rends  which can n o t  be r a t i o n a l i z e d  on a phys i ca l  

bas i s .  

3. Assume the i n f i l t r a t i o n  r a t e  o f  a  f rozen  s o i l  d u r i n g  a p e r i o d  o f  

cont inuous m e l t  i s  a  cons tan t ,  i .e . ,  the  shape o f  the  cumula t i ve  

i n f i l t r a t i o n  - t ime curve  i s  l i n e a r  o r  un i fo rm.  Th i s  approach i s  

s i m i l a r  t o  the  " index method" commonly used i n  c a l c u l a t i n g  r a i n -  

f a l l - r u n o f f  r e l a t i o n s  f o r  unf rozen s o i l s  ( L i n s l e y  e t  a l . ,  1949). 

Whereas the assumption leads t o  a  more compl i ca ted  s i m u l a t i o n  

r o u t i n e  than those r e q u i r e d  w i t h  t he  o the rs  ( i tems 1 and 2 )  an 

advantage i s  t h a t  t o  a  l i m i t e d  e x t e n t  i t  decouples the  processes 

o f  i n f i l t r a t i o n  and snowmelt. However, o u t p u t  f rom the  snowcover 

m e l t  sub rou t i ne  w i l l  remain a c o n t r o l l i n g  f a c t o r  govern ing the  

i n f i l t r a t i o n  p a t t e r n .  The e f f e c t s  o f  a  d iscon t inuous ,  i n t e r r u p t e d  

m e l t  on the  snowcover water  equ i va len t ,  the  i n f i l t r a t i o n  poten- 

t i a l  o f  a  f r o z e n  s o i l  and t he  t im ing  and magnitude o f  snowcover 

r u n o f f  can be b u i l t  i n t o  t he  i n f i l t r a t i o n  a l g o r i t h m .  

A major  problem i n  a p p l y i n g  the  procedure ( i t e m  3) i s  one o f  

d e c i d i n g  t he  "snowmelt i n f i l t r a t i o n  index". I t  was found f o r  

cont inuous,  u n i n t e r r u p t e d  m e l t  sequences t h a t  the  p e r i o d  o f  

i n f i l t r a t i o n  u s u a l l y  f e l l  i n  t he  range f rom 5-9 days. The 

sma l l e r  va lues  were u s u a l l y  assoc ia ted  w i t h  t he  r a p i d  m e l t  o f  a  

r e l a t i v e l y  sha l l ow  snowcover. Based on these f i n d i n g s  i t  i s  

suggested t h a t  a  p e r i o d  o f  i n f i l t r a t i o n  o f  6 d  be used t o  

e s t a b l i s h  the  index, i . e . ,  snowmelt i n f i l t r a t i o n  index (mm/d) = 

i n f i l t r a t i o n  p o t e n t i a l  (mm) + 6 d. Th is  recommendation i s  a l s o  

based on two o t h e r  major cons ide ra t i ons :  (a)  i t  i s  h i g h l y  un- 

l i k e l y  t h a t  a  des ign  snowcover, one capable o f  produc ing maximum 

f l o w  r a t e s  and volumes, would complete ly  a b l a t e  i n  a  p e r i o d  l ess  

than 6 d f o l l o w i n g  t he  i n i t i a t i o n  o f  m e l t  and (b) f o r  delayed, 



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

be extended t o  a longer  d u r a t i o n  by the  a l g o r i t h m .  

4. Assume t h a t  when t he  r a t e  o f  me l twa te r  r e l e a s e  f rom the  snowcover 

i s  l e s s  than t h e  snowmelt i n f i l t r a t i o n  index a l l  me l twa te r  i n f i l -  

t r a t e s  t h e  f r o z e n  ground and when the  me l twa te r  r a t e  exceeds t h e  

i n d e x , i n f i l t r a t i o n  i s  a percentage o f  the  amount o f  me l twa te r  

produced. The i n f i l t r a t i o n  r a t i o  o r  t h e  percentage o f  t he  amount 

o f  me l twa te r  t h a t  i n f i l t r a t e s  i s  taken as t he  r a t i o  o f  t he  amount 

o f  i n f i l t r a t i o n  p o t e n t i a l  t o  t h e  amount o f  snowcover water  equiv-  

a l e n t  remain ing a t  t he  t ime  t he  i n f i l t r a t i o n  index i s  exceeded. 

I n  e f f e c t ,  t h i s  procedure o f  sequencing i n f i l t r a t i o n  combines 

those  desc r i bed  by i tems 1 ,  2 and 3. I t  has t he  advantage over  

t h e  method descr ibed  as i t em  2 i n  t h a t  i t  e l i m i n a t e s  t he  c o n t r i -  

b u t i o n  t o  s t reamf low by smal l  m e l t  events,  such as those f requen-  

t l y  encountered e a r l y  i n  t h e  a b l a t i o n  p e r i o d  when t h e r e  i s  s t r ong  

d i u r n a l  c y c l i n g  o f  me l t ,  and thereby de lays  t h e  occur rence  o f  

r u n o f f .  However i t  has t h e  disadvantage, because o f  t he  decrease 

i n  t h e  i n f i l t r a t i o n  r a t i o  caused by the  i n f i l t r a t i o n  c o n t r i b u -  

t i o n s  f rom these smal l  events ,  t o  cause t h e  i n f i l t r a t i o n  sequence 

t o  f o l  low an "advanced" p a t t e r n .  

EVALUATION AND VERIFICATION TESTS OF INFILTRATION MODEL 

4.1 GENERAL 

The performance o f  t h e  i n f i l t r a t i o n  model was eva lua ted  by 

compa r i ng "p red i c t ed "  and "measured" volumes o f  r u n o f f  and "s imulated"  

and "observed" s t reamf low hydrographs on two watersheds i n  Saskatche- 

wan; t h e  C re igh ton  T r i b u t a r y ,  a smal l  sub b a s i n  (11.4 km3) o f  t he  Bad 

Lake Watershed wh ich  i s  l oca ted  near B i c k l e i g h ,  approx imate ly  165 km 

southwest  o f  Saskatoon i n  t he  sem i -a r i d  p a r t  o f  t h e  Prov ince;  and t he  

Wascana Creek Watershed a t  Sedley , a watershed hav ing a "gross" d r a i n -  

age a rea  o f  approx imate ly  350 km2 l o c a t e d  approx imate ly  50 km south-  

e a s t  o f  Regina. 

The genera l  topography o f  t h e  Cre igh ton  T r i b u t a r y  may be 

c l assed  as r o l l i n g  and g e n t l y  u n d u l a t i n g  w i t h  approx imate ly  85% o f  t h e  



area under c u l t i v a t i o n  o f  ce rea l  g r a i n s  by d r y l and  farming. I t  f a l l s  

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

s o i l s  which i n c l u d e  t he  two p r i n c i p l e  s o i l  s e r i e s :  H a v e r h i l l  s i l t y  

c l a y  and c l a y  loams and Sceptre c l a y .  An impor tant  f e a t u r e  o f  the  

watershed i s  t h a t  i t  does no t  c o n t a i n  l a r g e  elements o f  depress ional  

s t o rage  and t h e r e f o r e  t he  "gross" area can be assumed a c l o s e  app rox i -  

ma t i on  o f  area o f  t he  watershed c o n t r i b u t i n g  t o  f l o w .  Runoff c a l c u l a -  

t i o n s  were completed on the  watershed f o r  the  two w i n t e r s ,  1973/74 and 

1974/75. I n  these years comprehensive snow surveys were conducted on 

t h e  watershed t o  e s t a b l i s h  t he  average a rea l  snowcover water  equiva-  

1 e n t  by procedures o u t  1 i ned by Steppuhn and Dyck (1 974) ; measurements 

o f  t he  " f a l l "  s o i l  mo i s tu re  con ten t  were made w i t h  a  neu t ron  gauge a t  

23 s i t e s  i n  f i e l d s  l oca ted  ad jacen t  t o  the  watershed o f  t he  same s o i l  

t y p e  and c ropp ing  p a t t e r n s  (Banga, 1981) and s t reamf low from snowmelt 

was c a r e f u l l y  moni tored.  Other da ta  needed f o r  the  s imu la t i ons ,  namely 

d a i l y  p r e c i p i t a t i o n  and a i r  temperature,  were ob ta ined  f rom the Bad 

Lake C l i m a t o l o g i c a l  S t a t i o n  l oca ted  approx imate ly  5  km from the water-  

shed . 
The two years,  1973/74 and 1974/75, p rov ided  c o n t r a s t i n g  

snowcover and p remel t  s o i l  mo i s tu re  c o n d i t i o n s .  The w i n t e r  o f  1973/74 

was a year  o f  near r eco rd  snow fa l l  which produced an average depth o f  

snowcover on the  watershed o f  556 mm hav ing a water  equ i va len t  o f  143 

mm. I t  was preceded by a warm, d r y  f a l l  i n  which t h e  average mo is tu re  

c o n t e n t  o f  t h e  su r f ace  l a y e r  o f  s o i l  (0-300 mm) was very  low,especi- 

a1 l y  i n  those s o i  1s hav ing crops the  preceding summer ( ~ 1 5 %  by v o l -  

ume). I n  c o n t r a s t ,  snow c o n d i t i o n s  d u r i n g  t he  w i n t e r  o f  1974/75 would 

be 1 ikened more c l o s e l y  t o  "normal". The average depth and water  

e q u i v a l e n t  o f  the  snowcover were 299 mm and 71 mm r e s p e c t i v e l y  and t h e  

average " f a l l "  s o i l  mo i s tu re  con ten t  was 27.48 by volume. 

The Wascana Creek watershed a t  Sedley f a l l s  i n  t he  Dark 

Brown s o i l  zone o f  t he  Prov ince.  Approx imate ly  85% o f  t he  bas in  i s  

under c u l t i v a t i o n  o f  c e r e a l  g ra i ns ;  t he  remain ing area i s  i n  pasture,  

woody vege ta t i on ,  roads, farmyards and towns i tes .  The topography i s  

f l a t  t o  g e n t l y  r o l l i n g  and because o f  t he  poor r e l i e f  t he  percentage 

o f  t h e  "gross" d ra inage  area t h a t  c o n t r ' i  bu tes  t o  t h e  annual s t reamf low 



from snowmelt can vary  w ide l y .  A l though t he  n a t u r a l  " e f f e c t i v e "  and 

"gross" areas o f  t he  bas in  a r e  1 i s t e d  as 236.7 km2 and 1634.3 km2 

r e s p e c t i v e l y  (PFRA, 1985); a  s to rage  r e s e r v o i r  l oca ted  upstream o f  t h e  

gauging s t a t i o n  has t he  e f f e c t  o f  reduc ing the  e f f e c t i v e  area t o  %I25 

km2 and t he  gross area t o  %350 km2. 

Data on s o i l  mo is tu re ,  snowcover depth and water  equ i va len t  

and s t reamf low f o r  t he  watershed were ob ta ined  from Federal  and 

P r o v i n c i a l  Agencies namely: t he  Water Management Serv ice  and Atmos- 

p h e r i c  Environment Serv ice ,  Environment Canada; t he  Hydrology Branch 

Saskatchewan Water C ~ r p o r a t i o n ,  and t he  S w i f t  Cur ren t  Research 

S t a t i o n ,  A g r i c u l t u r e  Canada ( ~ a v i n  watershed).  I n  1981/82 these da ta  

were supplemented by snowcover and s o i l  mo i s tu re  measurements made on 

t h e  area as p a r t  o f  a  j o i n t  Canada-United S ta tes  i n v e s t i g a t i o n  o f  t he  

a p p l i c a t i o n  o f  a i r b o r n e  gamma techniques f o r  e s t i m a t i n g  t he  a r e a l  

snowcover water  e q u i v a l e n t  ( C a r r o l l  e t  a l . ,  1983; Goodison e t  a l . ,  

1984). 

Temperature da ta  f o r  the snowmelt c a l c u l a t i o n s  and p r e c i p i -  

t a t i o n  da ta  used t o  update snow survey measurements a f t e r  March 1 were 

f rom the  Regina A i r p o r t .  

4.2 WATER BALANCE CALCULATIONS: CREIGHTON TRIBUTARY 

A  s imple,  d i r e c t  t e s t  o f  t he  performance o f  t h e  i n f i l t r a t i o n  

model i n  c a l c u l a t i n g  s t reamf low from snowmelt i s  t o  compare t he  t o t a l  

p o t e n t i a l  volume o f  r u n o f f ,  c a l c u l a t e d  as t h e  d i f f e r e n c e  between t he  

snowcover water  e q u i v a l e n t  and i n f i l t r a t i o n ,  w i t h  t h e  measured amount 

ob ta i ned  f rom t h e  s t reamf low hydrograph. Reasonable agreement i n  t he  

va lues  would be expected under t he  assumption t h a t  losses t o  depress- 

i o n a l  s to rage ,  evapo ra t i on  and o t h e r  f a c t o r s  a r e  smal l  compared t o  t he  

volume o f  d i r e c t  r u n o f f .  

The r e s u l t s  o f  the  water  budget c a l c u l a t i o n s  f o r  1973/74 and 

1974/75 a r e  g i v e n  i n  Tab le  1 .  From these da ta  i t  can be shown t h a t  

t h e  va lues  o f  t he  u n i t  r u n o f f  p o t e n t i a l ,  c a l c u l a t e d  as the  d i f f e r e n c e  

( a r e a l  l y -we igh ted  snowcover water  e q u i v a l e n t  (SWE) - snowmel t i n f  i 1 - 
t r a t i o n  ( INF) )  a r e  i n  reasonably-c lose agreement w i t h  t he  "measured" 

volumes ob ta ined  f rom t h e  s t reamf low hydrographs. The r a t i o  o f  





" ca l cu la ted "  t o  "measured" yo1 ume was 1.02 i n  1973/74 and 1 .17 i n  

1974/75. The res idua l  ((SWE - tNF) - measured r u n o f f )  expressed as an 

e q u i v a l e n t  average depth o f  water  over  t he  area, was 1.0 mm i n  1973/74 

and 5.8 mm i n  1974/75. I t  i s  cons idered t h a t  t h e  agreement i n  "ca lcu-  

l a t e d  o r  p o t e n t i a l "  and "measured" volumes i s  accep tab le  cons ide r i ng  

t h e  l e v e l  o f  accuracy w i t h  which t he  d i f f e r e n t  terms used i n  t h e  c a l -  

c u l a t i o n s  cou ld  be eva lua ted  and t h e  f a c t  t h a t  evapora t ion  and s to rage  

losses  have been neglected.  

The assumption o f  c l a s s i f y i n g  t he  i n f i l t r a t i o n  p o t e n t i a l  o f  

t h e  t o t a l  area i n  s t u b b l e  i n  1973/74 as "Unl i m i  ted"  (see Table 1) i s  

s u b j e c t  t o  ques t i on  because t h e  e x t e n t  o f  s o i l  c rack ing  was n o t  re-  

corded. I t  i s  known however, f rom f i e l d  exper ience o f  t he  i n t e r a c t i o n  

o f  s o i l  mo i s tu re  and s o i l  c rack ing  o f  t he  l a c u s t r i n e  c l a y  o f  t h e  area 

and f i e l d  observa t ions  o f  snowmelt r u n o f f  d u r i n g  t he  m e l t  sequence i n  

1974, t h a t  i t  would be i n c o r r e c t  i n  d e s c r i b i n g  t he  i n f i l t r a t i o n  po- 

t e n t i a l  o f  t he  watershed i n  1973/74 as "L imi ted" .  S o i l  c rack ing  was 

assumed t o  be ex tens i ve  because t he  phenomenon has been observed i n  

o t h e r  years  i n  f i e l d s  o f  t he  same s o i l  t ype  (Sceptre c l a y )  a t  h igher  

m o i s t u r e  l e v e l s  than those measured i n  t he  f a l l  o f  1973. I n  a d d i t i o n ,  

f i e l d  observa t ions  d u r i n g  snowmelt i n  t he  s p r i n g  o f  1974 showed r u n o f f  

f rom s t u b b l e  land t o  be h i g h l y  v a r i a b l e .  On some f i e l d s ,  smal l  b u t  

measurable su r f ace  f l ows  were observed; on o the rs  t he  volumes o f  run- 

o f f  were i n s i g n i f i c a n t  w i t h  respec t  t o  t he  snowcover water equ i va len t .  

A lso,  t h e  r e s u l t s  o f  snowmelt r u n o f f  s t u d i e s  conducted on smal l  areas 

(micro-watersheds) loca ted  i n  t h e  Bad Lake watershed c l o s e  t o  t he  

C re igh ton  T r i b u t a r y  r epo r ted  by E r i ckson  e t  a l .  (1978) showed s i g n i f  i -  

c a n t l y  lower amounts o f  su r f ace  r u n o f f  f rom s t u b b l e  i n  1974 compared 

w i t h  t h e  q u a n t i t i e s  generated i n  o t h e r  years a t  t he  same energy index 

o f  m e l t .  One can however, o n l y  p o s t u l a t e  t he  exac t  d i v i s i o n  o f  t he  

t o t a l  a rea  o f  the  watershed t o  "Unl i m i  ted"  and "Limi ted" c lasses.  

4.3 INTERACTION BETWEEN RUNOFF POTENTIAL, RUNOFF VOLUME AND 

"APPARENT" CONTRIBUTING AREA - WASCANA CREEK AT SEDLEY 

Table 2 l i s t s  some genera l  s t a t i s t i c s  on snowcover, s o i l  

mo i s tu re ,  i n f i l t r a t i o n ,  r u n o f f  and c o n t r i b u t i n g  area f o r  Wascana Creek 



near Sedley, Saskatchewan f o r  seven years i n  t he  p e r i o d  1972-1982 

i n c l u s i v e .  I n  v iew o f  t h e  narrow range i n  va lues  o f  t he  premel t  s o i l  

mo i s tu re  con ten t  g i ven  i n  Table 2  (0 . 0.41-0.53) one i s  tempted t o  
P ' 

assume t h a t  t he  antecedent  "moisture" c o n d i t i o n s  on t h e  watershed, i n  

terms o f  s o i l  mo i s tu re  and depress iona l  s torages,  d i d  no t  d i f f e r  s i g -  

n i f i c a n t l y  between years.  Under these c o n d i t i o n s  a  s t rong  a s s o c i a t i o n  

between t h e  volume o f  observed s t reamf low and t he  u n i t  runo f f  poten-  

t i a l ,  t he  sum o f  t he  snowcover water  equ i va len t  (SWE) p l us  p r e c i p i t a -  

t i o n  o c c u r r i n g  d u r i n g  t he  m e l t  p e r i o d  (PPT) less  t h e  volume o f  i n f i l -  

t r a t i o n  ( INF) i .e. ,  (SWE + PPT - INF) would be expected. Note: f o r  

a d d i t i o n a l  d i s c u s s i o n  o f  t he  reasonableness o f  t he  assumption o f  a  

c l o s e  a s s o c i a t i o n  between su r f ace  and s o i l  mo i s tu re  s to rage  elements 

t h e  reader i s  r e f e r r e d  t o  t he  work by Gray e t  a l  . , (1985). 

F i g u r e  3 i s  a  p l o t  o f  the  observed s t reamf low volume w i t h  

t h e  u n i t  r u n o f f  p o t e n t i a l  f o r  t he  seven years o f  da ta  g i v e n  i n  Table 

2. The numbers oppos i t e  t he  p l o t t e d  p o i n t s  represen t  the  "apparent" 

c o n t r i b u t i n g  area, t he  area o f  t he  bas in  t h a t  produced t he  observed 

r u n o f f  volume w i t h  t he  u n i t  r u n o f f  p o t e n t i a l .  The da ta  i n  t he  f i g u r e  

show a  t r end  f o r  t he  volume o f  r u n o f f  t o  increase l i n e a r l y  w i t h  t he  

u n i t  r u n o f f  p o t e n t i a l  which i s  r e l a t i ve l y - i ndependen t  o f  the  "appar- 

en t "  c o n t r i b u t i n g  area; a  t rend  t h a t  was unexpected cons ide r i ng  t he  

s to rage  elements between years may have d i f f e r e d  app rec iab l y .  Note, a  

t r e n d  f o r  t h e  r u n o f f  volume t o  inc rease  w i t h  snowcover water equiva-  

l e n t  (SWE) c o u l d  a l s o  be shown. However the  s c a t t e r  i n  t he  da ta  i s  

ex t reme ly  large.  

I n  t he  f i g u r e  t h r e e  l i n e  segments have been p l o t t e d  and 

numbered. The p r imary  d i v i s i o n  o f  t he  data (Curves 1 and 3)  i s  r a t i o n -  

a l i z e d  on t h e  b a s i s  t h a t  t he  r u n o f f  response c h a r a c t e r i s t i c s  o f  

poo r l y -de f  ined  d ra inage  areas o f  t he  watershed ad jacen t  t o  t he  channels 

d i f f e r  s i g n i f i c a n t l y  f rom those o f  t h e  s n o w - f i l l e d  channels.  That i s :  

Curve 1 - r u n o f f  f rom the  "gross" area o f  t he  bas in  assuming t he  

s u r f a c e  s to rage  elements o f  t he  watershed f o r  r uno f f  a r e  s a t i s -  

f i e d  and evapo ra t i on  losses a r e  n e g l i g i b l e .  The l i n e  has a  s l ope  

equal t o  t he  "gross" area o f  t h e  bas in  o r  350 km2, and represen ts  

t h e  upper "envelope" curve  o f  r u n o f f  f o r  t h e  bas in .  

Curve 3 - r u n o f f  f rom s n o w - f i l l e d  channels. The r u n o f f  r e l a t i o n s h i p  



Table 2. Annual s t a t i s t i c s  on s o i l  mo is tu re ,  snowcover i n f i l t r a t i o n  r u n o f f  and c o n t r i b u t i n g  area f o r  
seven years o f  record  on Wascana Creek near Sedley, Saskatchewan, 1972-1982. 

Premel t Snow P P ~  
M o i s t u r e  

a  
Water Dur ing I n f i l t r a t i o n  U n i t R u n o f f  Observed "Apparent" 

Year Content Equ i va len t  Me l t  Potent  i a1 P o t e n t i a l  Streamflow Con t r i bu  i ng  
( O D )  (SWE 1 (PPT) (INF) (SWE+PPT- I NF) Vo l ume Area 

b 

a )  = average p remel t  s o i l  mo i s tu re  ( i c e )  con ten t  o f  t he  s o i l  l a y e r ,  0-300 mm. 
P  

b, "Apparent" C o n t r i b u t i n g  Area = dra inage area o f  t h e  watershed used i n  the  s i m u l a t i o n s  t o  produce 
t he  observed volume o f  f l ow .  

SWE es t ima te  b iased t o  snow survey measurements i n  channels and depressions. 



t 2 - CURVE 3 

U N I T  R U N O F F  P O T E N T I A L  < S W E + P P T - I N F > . m m  

F igu re  3. Re la t i onsh ip  between observed runo f f ,  u n i t  runoff  p o t e n t i a l  
and "apparent" c o n t r i b u t i n g  area f o r  Wascana Creek a t  
Sedley, Saskatchewan. 

i s  approximated by a curve having a concave shape showing an 

increase i n  r u n o f f  per u n i t  r u n o f f  p o t e n t i a l  w i t h  increasing 

p o t e n t i a l .  Al though the shape can not  be v e r i f i e d  i t  i s  r a t i o n -  

a l i z e d  on the  bas is  t h a t  as the  amount o f  snow water c o l l e c t e d  i n  

t he  channels increases the  r a t e  o f  runo f f  released per u n i t  o f  snow 

water equ iva len t  a l s o  increases, u n t i l  such t ime when d i r e c t  

runof f  c o n t r i b u t i o n s  from areas o f  the  watershed adjacent  t o  t he  

channels become the  major source o f  supply. 

Curve 2 can be l i kened  t o  a t r a n s i t i o n  zone i n  which the  

"apparent" area c o n t r i b u t i n g  t o  streamflow enlarges i n  s i z e  according 

t o  the  magnitude o f  the  r u n o f f  p o t e n t i a l  and reaches a maximum va lue  

equal t o  the  "gross" area. The assoc ia t i on  between observed stream- 



f l o w  and r u n o f f  p o t e n t i a l  i s  assumed l i n e a r  because t he  r e l a t i o n s h i p  

d e f i n e d  t h e  t r e n d  o f  t he  da ta  w i t h i n  acceptable,  p r a c t i c a l  l i m i t s  and 

t h e r e  was no obv ious phys i ca l  reason f o r  d e s c r i b i n g  t he  r e l a t i o n  w i t h  

a  d i f f e r e n t  geometr ic  form. A lso,  no a t tempt  was made t o  determine 

t h e  b e s t - f i t  r eg ress ion  f o r  the  data because o f  t he  smal l  number o f  

da ta  p o i n t s  and t he  va lues  o f  t he  u n i t  r u n o f f  p o t e n t i a l  were ca l cu -  

l a t e d  f rom measurements which were r o u t i n e l y - c o l l e c t e d  as p a r t  o f  an 

o p e r a t i o n a l  f i e l d  survey program. That i s ,  the  measurement program 

was n o t  s p e c i f i c a l l y  designed t o  war ran t  a  r i go rous ,  s t a t i s t i c a l  

approach. An impor tant  p rope r t y  o f  t he  l i n e  i s  t h a t  t h e  s l ope  i s  

equal t o  350 km2, t he  "gross area". 

Two o t h e r  c h a r a c t e r i s t i c s  o f  Curve 2  (F ig .  3 )  having hydro- 

l o g i c a l  imp1 i c a t i o n s  a r e  t he  i n t e r c e p t s  w i t h  t he  "x" and "y" axes and 

t h e  p o i n t  o f  i n t e r s e c t i o n  o r  tangency o f  t he  l i n e  w i t h  Curve 3. The 
I 1  II x  i n t e r c e p t  represents  t he  u n i t  r u n o f f  p o t e n t i a l  above which the 

volume o f  r u n o f f  can be assumed a  l i n e a r  f u n c t i o n  o f  t he  "gross" area. 

Thus, i t  can l i kened  t o  a  displacement va lue ,  s i m i l a r  t o  a  roughness 

h e i g h t  used t o  d e f i n e  wind v e l o c i t y  and o t h e r  p r o f i l e s .  The "y" 

i n t e r c e p t  ( v e r t i c a l  d isplacement f rom Curve 1) represen ts  t h e  average 

volume o f  s t o rage  ( p r i m a r i l y  depress iona l )  t h a t  must be s a t i s f i e d  

b e f o r e  r u n o f f  f rom the  watershed can be d i r e c t l y  r e l a t e d  t o  t h e  "gross" 

area.  For Wascana Creek t h i s  va lue  was approx imate ly  3.9 " 106m3. 

Note, l i k e  Curve 1 which represen ts  t h e  "upper" envelope cu rve  o f  

maximum r u n o f f  f o r  a  g i v e n  p o t e n t i a l ,  a  l i n e  p o s i t i o n e d  some d i s tance  

v e r t i c a l l y - b e l o w  and p a r a l l e l i n g  Curve 2  would desc r i be  t h e  r u n o f f  

c h a r a c t e r i s t i c s  under maximum su r face  and depress iona l  s t o rage  charac- 

t e r i s t i c s ,  i .e .  t he  case o f  ve ry  d r y  antecedent mo i s tu re  c o n d i t i o n s .  

I t  i s  assumed the  p o i n t  o f  tangency o f  Curves 2  and 3 repre -  

sen t  t h e  "apparent"  c o n t r i b u t i n g  area when t h e  r u n o f f  r e l ease  and 

response c h a r a c t e r i s t i c s  change f rom "channel" t o  "watershed" p a t t e r n s .  

The area was c a l c u l a t e d  i n  the  range o f  150-160 km2, a  s i z e  s l i g h t l y  

1 a r g e r  than t he  " e f f e c t i v e "  area o f  125 km2. 

The f i n d i n g s  suggest procedures f o r  e s t i m a t i n g :  (1 )  t he  

r u n o f f  volume from snowmel t from the  runo f f  p o t e n t i a l  and t he  "gross" 

a rea  o f  the  bas in ;  (2)  an i n i t i a l  va lue  o f  t he  "apparent" c o n t r i b u t i n g  



area f o r  use i n  model s i m u l a t i o n s  and (3) t he  s i z e  o f  a watershed when 

i t s  r u n o f f  response changes from "channel" t o  "watershedii cha rac te r  i s -  

t i c s .  A lso,  t h e  f a c t  t h a t  r u n o f f  a n a l y s i s  lends i t s e l f  t o  a r a t i o n a l  

phys i ca l  i n t e r p r e t a t i o n  i s  taken as evidence i n  suppor t  o f  t he  v a l i d -  

i t y  o f  t h e  approach t o  mode l l i ng  i n f i l t r a t i o n  t o  f r o z e n  s o i l s .  

4.4 COMPARISONS OF OBSERVED AND SIMULATED HYDROGRAPHS 

A lgo r i t hms  were w r i t t e n  t o  desc r i be  t he  f ou r  approaches t o  

sequencing t h e  i n f i l t r a t i o n  p o t e n t i a l  (Eq. 1 )  d iscussed i n  Sect ion 3.1 

and i n t e r f a c e d  w i t h  t he  Na t i ona l  Weather Serv ice  R i ve r  Forecas t ing  

System - Sacramento Model (NWSRFS). The system was then used t o  

syn thes i ze  s t reamf low f rom snowmelt on t he  Cre igh ton  T r i b u t a r y  and 

Wascana Creek i n  d i f f e r e n t  years and the  s i m u l a t i o n s  compared w i t h  

observed hydrog raphs. 

4.4.1 C re igh ton  T r i b u t a r y  

F igu res  4 and 5 show the  s imu la ted  and observed hydrographs 

f o r  t h e  C re igh ton  T r i b u t a r y  f o r  1974 and 1975 r e s p e c t i v e l y .  Note, a l l  

s imu la ted  hydrographs were generated us ing  the  same i n p u t  da ta  ( f o r  

example t ime-area h is togram, a i r  temperature,  snow water  equ i va len t  

and o t h e r s )  and r o u t i n g  c o e f f i c i e n t s .  I n  t he  f i g u r e s  t he  s imu la ted  

hydrographs a r e  i d e n t i f i e d  as:  LAND - t he  NWSRFS w i t h  i t s  LAND s o i l  

mo i s tu re  account ing  sub rou t i ne ;  INF = MELT - t h e  LAND subrou t ine  o f  

t h e  NWSRFS was rep laced  by the  i n f i l t r a t i o n  a l g o r i t h m  i n  which t he  

amount o f  snowmelt i n f i l t r a t i o n  was taken equal t o  t h e  amount o f  me l t -  

wa te r  r e l eased  by t he  snowcover up t o  t he  t ime t h e  i n f i l t r a t i o n  poten-  

t i a l  was s a t i s f i e d ;  INF = CONSTANT * MELT - t h e  NWSRFS w i t h  t he  a l g o r -  

i t hm  i n  wh ich  i n f i l t r a t i o n  i s  assumed a cons tan t  t imes t he  amount o f  

me1 twa te r  produced; INF =  INDEX(^^) - t he  NWSRFS assuming a cons tan t  

d a i l y  snowmel t i n f  i 1 t r a t i o n  r a t e  (snowmel t i n f i l t r a t i o n  index)  equal 

t o  t he  snowmelt i n f i l t r a t i o n  p o t e n t i a l  (Eq. 1) d i v i d e d  by 6d; and INF 

=  INDEX(^^) + CONSTANT * MELT - the  NWSRFS and an a l g o r i t h m  t h a t  

assumes INF = MELT on days when t he  amount o f  m e l t  i s  l ess  than 

 INDEX(^^)) and INF = CONSTANT ;\ MELT on days when l ~ D E x ( 6 d )  i s  

exceeded. 
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F i g u r e  4. Observed and s imu la ted  hydrographs f rom snowmelt f o r  Cre igh-  
t o n  T r i b u t a r y ,  1974. (a )  OBSERVED - measured s t reamf low; LAND - the  
NWSRFS opera ted  w i t h  i t s  LAND s o i l  mo i s tu re  account ing  r o u t i n e ;  INF = 
CONSTANT MELT - t h e  NWSRFS w i t h  t he  i n f i l t r a t i o n  a l g o r i t h m  assuming 
i n f i l t r a t i o n  i s  a  cons tan t  percentage o f  t he  amount o f  me l twa te r  re -  
leased f rom t h e  snowcover; INF = MELT - the  NWSRFS w i t h  i n f i l t r a t i o n  
equal t o  t he  amount o f  me l twa te r  re leased by t he  snowcover up t o  t h e  
t i m e  i n f i l t r a t i o n  p o t e n t i a l  i s  s a t i s f i e d  and (b)  INF =  INDEX(^^) - the  
NWSRFS assuming a cons tan t  d a i l y  i n f i l t r a t i o n  r a t e  equal t o  t he  snow- 
m e l t  i n f i l t r a t i o n  p o t e n t i a l  (Eq. 1) d i v i d e d  by 6d and INF = INDEX + 
CONSTANT MELT - t h e  NWSRFS and an i n f i l t r a t i o n  a l g o r i t h m  t h a t  
assumes INF = MELT on days when the  amount o f  m e l t  i s  l e s s  than t he  
snowmel t index based on 6d o f  cont inuous me1 t ( i  .e.  INDEX(^^) and INF 
= CONSTANT MELT on days when me1 t exceeds INDEX ( 6 d ) ) .  
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F i g u r e  5. Observed and s imu la ted  hydrographs from snowmelt f o r  Creigh- 
t o n  T r i b u t a r y ,  1975. ( a )  OBSERVED - measured s t reamf low;  LAND - the  
NWSRFS ope ra ted  w i t h  i t s  LAND s o i l  mo i s tu re  account ing  r o u t i n e ;  INF = 
CONSTANT :: MELT - the NWSRFS w i t h  the  i n f i l t r a t i o n  a l g o r i t h m  assuming 
i n f i l t r a t i o n  i s  a cons tan t  percentage o f  the amount o f  me l twa te r  r e -  
leased  from the  snowcover; INF = MELT - the  NWSRFS w i t h  i n f i l t r a t i o n  
equal t o  t he  amount o f  me l twa te r  re leased  by t he  snowcover up t o  t he  
t i m e  i n f i l t r a t i o n  p o t e n t i a l  i s  s a t i s f i e d  and (b) INF =  INDEX(^^) - the  
NWSRFS assuming a cons tan t  d a i l y  i n f i l t r a t i o n  r a t e  equal t o  t he  snow- 
m e l t  i n f i l t r a t i o n  p o t e n t i a l  (Eq. 1 )  d i v i d e d  by 6d and INF = INDEX + 
CONSTANT * MELT - the  NWSRFS and an i n f i l t r a t i o n  a l g o r i t h m  t h a t  
assumes INF = MELT on days when t he  amount o f  m e l t  i s  l e s s .  than t he  
snowrnelt index based on 6d o f  con t inuous  m e l t  ( i .e .  INDEX(6d) and INF 
= CONSTANT * MELT on days when m e l t  exceeds  INDEX(^^)). 
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Before d i scuss ing  t he  r e s u l t s  i n  F igs.  4 and 5 i t  i s  impor t -  

a n t  t o  p o i n t  o u t  t h a t  no a t t emp t  was made t o  a l i g n  t h e  s imu la ted  

hydrographs w i t h  t h e  observed hydrographs t o  a  p o s i t i o n  o f  bes t  f i t .  

Poor agreement between hydrographs cou ld  be t he  r e s u l t  o f  numerous 

f a c t o r s  o t h e r  than i n f i l t r a t i o n ,  f o r  example i n c o r r e c t  s i m u l a t i o n s  o f  

t h e  a b l a t i o n  process and water  s to rage  and t ransmiss ion  c h a r a c t e r i s t i c s  

o f  t h e  snowcover and s o i l  and poor s e l e c t i o n  o f  t he  t ime-area d i s t r i -  

b u t i o n  p a t t e r n  and r o u t i n g  cons tan ts .  I t  i s  a l s o  wor thy t o  p o i n t  o u t  

t h e  NWSRFS i s  a  h i g h l y  f l e x i b l e  system i n  t he  e x t e n t  t h a t  t he  s imu la -  

t e d  hydrographs cou ld  be " fo rced"  t o  f i t  t h e  observed hydrograph by 

changing t h e  magnitude o f  d i f f e r e n t  i n p u t  parameters.  However, except 

f o r  changes t h a t  cou ld  be suggested i n  the  s o i l  mo i s tu re  accoun t ing  

sub rou t i ne ,  most cou ld  n o t  be p h y s i c a l l y  r a t i o n a l i z e d  (see Gray e t  

a  1 .  , 1984). An in -dep th  s tudy o f  t he  system i s  however beyond t he  

scope o f  t h i s  r e p o r t .  Thus, i n  r ev i ew ing  t he  da ta  t h e  reader  i s  asked 

t o  concen t ra te  on t h e  r e l a t i v e  improvement the  d i f f e r e n t  i n f i l t r a t i o n  

a l g o r i t h m s  produce between t h e  s imu la ted  and observed hydrographs. I t  

shou ld  a l s o  be recognized t h a t  because t he  i n p u t  volume o f  snow water  

t o  t h e  system i s  cons tan t  i n  a  g i v e n  year ,  an a l g o r i t h m  t h a t  causes 

t h e  t i m e  base o f  t h e  s imu la ted  hydrograph t o  be l ess  than t he  t ime o f  

observed f l o w  w i l l  g i v e  d ischarge  r a t e s  h i ghe r  than t h e  observed 

r a t e s ,  and v i c e  versa. 

The ma jo r  f e a t u r e s  t o  be noted i n  F i gs .  4 and 5 a r e :  

( 1 )  The NWSRFS system opera ted  w i t h  an unmodi f ied LAND sub rou t i ne  

g r o s s l y  underest imates the  volume o f  runo f f  (F igs .  4a and 

5a) .  The c a l c u l a t e d  and observed volumes i n  1974, expressed 

as an e q u i v a l e n t  depth o f  water  on t h e  bas in ,  were 1.5 mm 

and 42.2 mm r e s p e c t i v e l y ;  i n  1975 they  were 0.9 mm and 34.5 

mm. Gray e t  a l .  (1984) have shown these r e s u l t s  can be 

expected un less  t he  LAND sub rou t i ne  i s  ad jus ted  t o  account 

f o r  t h e  d i f f e r e n c e s  between t he  i n f i l t r a t i o n  c h a r a c t e r i s t i c s  

o f  un f r ozen  and f r o z e n  s o i l s .  These ad justments  i n v o l v e  

l i m i t i n g  t h e  wate r  s t o rage  c a p a c i t y  o f  t he  Upper zone o f  t he  

s o i l  m o i s t u r e  accoun t ing  system and r e s t r i c t i n g  p e r c o l a t i o n  

f r om  the  Upper zone t o  t he  Lower zone. Both o f  these changes 



can be p h y s i c a l l y  r a t i o n a l i z e d  and Gray e t  a l .  (1984) show 

they s i g n i f i c a n t l y  improve the  performance o f  the  NWSRFS i n  

s i m u l a t i n g  observed data.  

(2)  The improvement i n  hydrograph s i m u l a t i o n  ob ta ined  w i t h  t he  

i n f i l t r a t i o n  a l g o r i t h m .  An accepted measure o f  agreement 

between observed (q . )  and s imu la ted  f l ow  (q . )  i s  the  
0 1 s  I 

nond imens i ona l  parameter R 2  def  i ned by t he  equat ion  (Nash 

and S u t c l i f f e ,  1970): 

i n  which n  = number o f  va lues a t  even ly  spaced t ime i n t e r -  
- 

v a l s ,  and q  = mean o f  the  observed f l ows .  
0 

R 2 ,  termed " e f f i c i e n c y " ,  i s  analgous t o  t he  c o e f f i c i e n t  o f  

de te rm ina t i on  i n  s t a t i s t i c s ,  and the c l o s e r  i t s '  p o s i t i v e  

v a l u e  i s  t o  u n i t y  the  c l o s e r  the  agreement between observed 

and s imu la ted  hydrographs. The va lues  ob ta i ned  w i t h  t he  

LAND sub rou t i ne  and t he  i n f i l t r a t i o n  a l g o r i t h m  INF = CONS- 

TANT ;? MELT i n  1974 were -0.35 and 0.70 r e s p e c t i v e l y .  

Tab le  3  1 i s t s  the   va values f o r  the  hydrographs s imu la ted  on 

t he  Cre igh ton  watershed w i t h  t he  d i f f e r e n t  i n f i l t r a t i o n  

a l g o r i t h m s  i n  1974 and 1975. As shown, each o f  t he  a l g o r -  

i thms improves t he  e f f i c i e n c y  o f  the  NWSRFS i n  d e s c r i b i n g  

t he  observed s t reamf low over  t h a t  ob ta i ned  when the  system 

was opera ted  w i t h  i t s  LAND sub rou t i ne  unchanged. Th is  

r e s u l t  was expected and cou ld  be deduced f rom the  gross 

underest  ima t i on  o f  r u n o f f  volume by LAND. I n t e r e s t i n g l y ,  

t he  h i ghes t  R2-va lue o f  each year  o f  0.70 was g i ven  by 

i n f i l t r a t i o n  model t h a t  assumed INF = CONSTANT ;: MELT. 

(3 )  I n  comparing t he  s imu la t i ons  produced by t he  d i f f e r e n t  

a l g o r i t h m s  the  f o l l o w i n g  t rends  a r e  ev iden t :  

( a )  INF = MELT - Th is  model causes t h e  s imu la ted  hydrograph 

t o  l a g  t he  occurrence o f  observed s t reamf low.  Table 3  shows 

t he  d i f f e r e n c e  was 3d i n  1974 and 5d i n  1975. The e f f e c t  o f  

t h e  de lay  i s  t o  produce a  s imu la ted  hydrograph w i t h  a  s h o r t  



Tab le  3. E f f e c t  o f  d i f f e r e n t  i n f i l t r a t i o n  model on t he  E f f i c i e n c y ,  R' 
and t h e  s t a r t  o f  s t reamf low,  Cre igh ton  T r i b u t a r y  1974 and 
1975. 

Year A lgo r i t hm  R ' Day S t  reamf 1 ow 
Beg i n s  

1974 Observed A p r i l  13 
LAND -0.35 " 10 
I NF = MELT 0.26 " 16 
INF = CONSTANT MELT 0.70 " 10 
I NF = INDEX (6d) 0.68 " 13 
INF = INDEX (6d) 

+ CONST MELT 
0.30 " 13 

1975 Observed A p r i l  13 
LAND " 14 
I  NF = MELT -0.30 " 18 
INF = CONSTANT MELT 0.70 " 12 
I NF = INDEX (6d) 0.54 " 12 
I NF = INDEX (6d) 

+ CONST * MELT 
0.60 " 12 

t ime  base, hence a  much h i ghe r  peak d i scha rge  r a t e  than t h e  

observed (F igs.  4a and 5a) .  

(b )  INF = CONSTANT f: MELT - Th i s  model tended t o  cause t he  

o p p o s i t e  e f f e c t  on t he  t ime  o f  beg inn ing  o f  s imu la ted  stream- 

f l o w  than  ob ta i ned  w i t h  INF = MELT; t h a t  i s ,  s imu la ted  f l ow  

s t a r t e d  i n  advance o f  observed r u n o f f  by 3d i n  1974 and by 

I d  i n  1975. Th i s  r e s u l t  can be exp la i ned  by t h e  f a c t  t h a t  

i n  b o t h  years  the  snowmelt sequence f o l l o w e d  a  de layed 

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

taken  as a  percentage o f  t he  me l twa te r  produced, even smal l  

m e l t  events  produce r u n o f f .  On n a t u r a l  watersheds i t  i s  

u n l i k e l y  t h a t  these m e l t  events  e a r l y  i n  t h e  a l b a t i o n  p e r i o d  

would r e s u l t  i n  measurable s t reamf low.  

( c )  INF = l N D ~ x ( 6 d )  - Th i s  model gave R2-values o f  0.68 i n  

1974 and 0.54 i n  1975, which a r e  o f  comparable magni tude o f  

R' = 0.70 ob ta i ned  i n  bo th  years  w i t h  INF = CONSTANT * MELT. 

I t  had t h e  advantage ove r  t he  l a t t e r  i n  t h a t  t h e  s t a r t  o f  

s imu la ted  f l o w  agreed w i t h i n  I d  o f  t h e  observed f l o w  i n  b o t h  

1974 and 1975. 



(d) I NF = INDEX (6d) + CONSTANT fi MELT - The performance o f  

t h i s  model i n  s i m u l a t i n g  t h e  observed hydrograph can be 

g e n e r a l l y  c lassed  as f a l l i n g  i n t e rmed ia r y  between t h e  r e s u l t s  

ob ta i ned  w i t h  t h e  a l g o r i t h m s ,  INF = CONSTANT + MELT and INF 

= I N D E X  x (6d) .  That i s  i t  produced c l o s e r  agreement i n  t h e  

t ime  o f  s t a r t  o f  s t reamf low than the  former  bu t  lower R ~ -  

va lues  and t h e  same t imes o f  beg inn ing  o f  s t reamf low as t h e  

l a t t e r  and i n  1975 a h i ghe r  str value. 
From t h e  above r e s u l t s  i t  i s  d i f f i c u l t  t o  make a d e c i s i o n ,  one t h a t  

can be supported by s t r o n g  q u a n t i t a t i v e  evidence, wh ich  o f  t h e  t h r e e  

methods o f  sequencing t he  i n f i l t r a t i o n  ( i tems 3b, 3c, 3d) w i l l  con- 

s i s t e n t l y  produce t h e  b e t t e r  r e s u l t s .  Each method has i t s  advantages 

and d isadvantages.  Never the less,  i t  i s  suggested t h e  procedure i n v o l -  

v i n g  t h e  use o f  an i n f i l t r a t i o n  index and assuming i n f i l t r a t i o n  equal 

t o  a percentage o f  t h e  amount o f  m e l t  be adopted. Th i s  o p i n i o n  i s  

based on t he  r a t i o n a l e  t h a t  t he  a l g o r i t h m  e l i m i n a t e s  r u n o f f  f rom those 

smal l  m e l t  even ts  o c c u r r i n g  i n  t he  e a r l y  p a r t  o f  t he  m e l t  sequence and 

i t  t i e s  i n f i l t r a t i o n  i n  bo th  magnitude and t i m i n g  t o  t h e  m e l t  sequence. 

4.4.2 Wascana Creek a t  Sedley 

As d iscussed  e a r l i e r  i n  t h e  r e p o r t  t h e  C re igh ton  T r i b u t a r y  

i s  a r e l a t i v e l y - s m a l  l watershed (11.4 km2) on wh ich  t h e  depress ion  

s to rage  elements were reasonably  smal l  and t he  "gross" d ra i nage  area 

c o u l d  be assumed t o  be a reasonable  approx imat ion  o f  t h e  P r a i r i e s .  

The hyd rophys i ca l  p r o p e r t i e s  would n o t  be cons idered  t y p i c a l  o f  most 

l a r g e r  watersheds i n  t h e  r eg ion  wh ich  a r e  c h a r a c t e r i z e d  by p o o r l y -  

de f i ned  drainageways and l a r g e  su r f ace  depress ions.  I n  o r d e r  t o  t e s t  

t h e  performance o f  t h e  i n f i l t r a t i o n  a l g o r i t h m  i n  s y n t h e s i z i n g  stream- 

f l o w  f rom snowmelt on poo r l y -d ra i ned  watersheds and t o  demonst ra te  t h e  

impact o f  " c o n t r i b u t i n g  area" on t he  agreement between s imu la ted  and 

observed f l ows  t h e  system was app l  i e d  t o  Wascana Creek a t  Sedl ey.  

F i g u r e  6 shows t h e  observed s t reamf low hydrographs f o r  a low 

f l o w  year ,  1972 (F i g .  6a) and a h i g h  f l o w  year ,  1982 (F ig .  6b) p l o t t e d  

w i t h  t h r e e  hydrographs generated w i t h  t h e  NWSRFS: LAND - t h e  system 

was opera ted  w i t h  i t s  LAND s u b r o u t i n e  and a c o n t r i b u t i n g  area o f  125 
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F i g u r e  6. Observed and s imu la ted  hydrographs f o r  Wascana Creek a t  
Sedley, Saskatchewan: (a )  low f l o w  year ,  1972, and (b) h i g h  f l o w  
year ,  1982. LAND - the  NWSRFS was opera ted  wi t h  i t s  "LAND" sub- 
r o u t i n e  and a  c o n t r i b u t i n g  area o f  125 km2, t he  " e f f e c t i v e "  d r a i n -  
age area;  REVISED 125 - the  NWSRFS w i t h  t he  LAND sub rou t i ne  re -  
p l aced  by t he  i n f i l t r a t i o n  a l g o r i t h m  and a d ra inage  area o f  125 
km2; and REVISED 144 (F ig .  6a) and REVISED 296 (F ig .  6b) - t h e  
NWSRFS w i t h  t he  i n f i l t r a t i o n  a l g o r i t h m  and a  d ra inage  area (144 
km2 o r  296 km2) which produced t he  observed volume o f  r u n o f f .  



km2, t he  " e f f e c t i v e "  d ra inage  area; Revised 125 - t he  NWSRFS w i t h  t h e  

LAND sub rou t i ne  rep laced  by the i n f i l t r a t i o n  a l g o r i t h m    INDEX(^^) + 

CONSTANT fi MELT) and a  d ra inage  area o f  125 km2 and Revised 144 (Fig. 

6a) o r  296 (F ig .  6b) - t he  NWSRFS w i t h  t he  i n f i l t r a t i o n  a l g o r i t h m  and 

a  d ra i nage  area (144 km2 o r  296 km2) which produced t he  observed 

volume o f  r u n o f f .  The r e s p e c t i v e  r e t u r n  - p e r i o d  volumes and peaks 

correspond t o  approx imate ly  3y and < 2y events  i n  1972 and t h e  10y and 

50y va lues  i n  1982. A l l  s imu la ted  hydrographs shown i n  F i g .  6  used 

t h e  same model parameters;  o n l y  t h e  s i z e  o f  t h e  d ra inage  area was 

changed. A lso,  f o r  t he  comparisons t he  s imu la ted  hydrographs were 

p o s i t i o n e d  so t h a t  t h e  s t a r t  o f  r u n o f f  agreed w i t h  t h e  t ime o f  beg in-  

n i n g  o f  observed f l ow .  From the  data i n  F igs .  6a and 6b i t  can be 

observed : 

(1 )  The NWSRFS w i t h  i t s  LAND sub rou t i ne  g r o s s l y  underest imates 

t he  observed volume o f  r u n o f f .  For example, i n  1982 t he  

observed r u n o f f ,  expressed as an e q u i v a l e n t  depth o f  water  

on a  d ra inage  area o f  125 km2, was 153 mm compared w i t h  a  

dep th  o f  2  mm s imu la ted  by t h e  LAND subrou t ine .  The r e s u l t  

i s  t h e  same as t h a t  r epo r t ed  f o r  t he  Cre igh ton  watershed. 

( 2 )  I n  years  o f  low f l o w  t h e  " e f f e c t i v e "  area (125 km2) o f  t he  

watershed i s  t h e  b e t t e r  e s t i m a t o r  o f  t h e  "apparent" area o f  

t h e  watershed c o n t r i b u t i n g  t o  t he  peak d ischarge;  i n  years  

o f  h i g h  f l o w  a  c o n t r i b u t i n g  area equal t o  o r  l ess  than t he  

"gross" area (350 km2) g i v e s  t h e  b e t t e r  s i m u l a t i o n .  A  de- 

pendency i n  t h e  degree o f  a s s o c i a t i o n  between hydrographs on 

b a s i n  s i z e  i s  expected because t h e  volume o f  snow water  used 

as i n p u t  t o  t h e  system i s  d i r e c t l y  r e l a t e d  t o  area.  The R ~ -  

va lues  o f  t h e  s imu la ted  hydrographs us i ng  a  c o n t r i b u t i n g  

area o f  125 km2 were 0.70 i n  1972 ( low f l o w  year )  and 0.48 

i n  1982 ( h i g h  f l o w  yea r )  r e s p e c t i v e l y .  When t h e  s i z e  o f  t h e  

c o n t r i b u t i n g  area i s  assumed t o  be 296 km2 R~ increases i n  

v a l u e  t o  0.89 f o r  1382. 

( 3 )  The agreement between t h e  shapes and t ime  elements o f  t he  

s imu la ted  hydrographs u s i n g  t h e  i n f i l t r a t i o n  a l g o r i t h m  and 

observed hydrographs va ry  i n  t h e  two years .  For 1972 t h e  



agreement would be c lassed  a s  f a i r  t o  poor ;  i n  1982 i t  would  

be cons idered  s a t i s f a c t o r y .  

Another f i n d i n g ,  observed i n  comparisons o f  s imu la ted  and observed 

hydrographs f o r  t e n  years  o f  record,  was t h a t  t h e  t ime o f  s imu la ted  

f l o w  c o n s i s t e n t l y  lagged t he  beg inn ing  o f  observed f l ow .  The de lays 

ranged f rom 2-5 d  w i t h  t he  l a r g e r  va lues  assoc ia ted  w i t h  years o f  low 

snowcover. I t  i s  suspected t h a t  t h i s  t r e n d  r e f l e c t s  a  problem i n  

a c c u r a t e l y  s i m u l a t i n g  t he  me l twa te r  r e l ease  and wate r  t ransmiss ion  

p r o p e r t i e s  o f  s n o w - f i l l e d  channels.  

4.5 SUMMARY 

The m a t e r i a l  presented i n  t h i s  Sec t i on  demonstrates methods 

o f  i n t e r f a c i n g  t h e  i n f i l t r a t i o n  model w i t h  an o p e r a t i o n a l  f o r e c a s t i n g  

system, i n  t he  examples presented t h e  U.S. N a t i o n a l  Weather Se rv i ce  

R i v e r  Fo recas t i ng  System (NWSRFS), and t h e  r e s u l t s  ob ta i ned  w i t h  t he  

r e v i s e d  system i n  s y n t h e s i z i n g  s t reamf low f rom snowmelt from P r a i r i e  

watersheds. Comparisons between t h e  p o t e n t i a l  volume o f  r u n o f f  and 

observed s t reamf low showed t h a t  t h e  model w i l l  p r o v i d e  es t imates  o f  

r u n o f f  w i t h i n  accep tab le  p r a c t i c a l  l i m i t s  and because o f  t h e  improved 

e s t i m a t e  o f  t h e  volume o f  f l o w  a  mode l l e r  can expect  b e t t e r  s imula-  

t i o n s  o f  s t reamf low d ischarge  ra tes .  Procedures a r e  a l s o  descr ibed  

f o r  e s t i m a t i n g  t h e  s i z e  o f  t he  c o n t r i b u t i n g  area o f  a  watershed, based 

on t h e  snowcover wa te r  e q u i v a l e n t ,  i n f i l t r a t i o n  p o t e n t i a l  and su r f ace  

s t o r a g e  c h a r a c t e r i s t i c s ,  t o  be used i n  s t reamf low s imu la t i ons .  

I n  summary, i t  i s  cons idered  t h a t  t h e  improvement i n  per -  

formance demonstrated by t he  NWSRFS w i t h  t h e  i n f i l t r a t i o n  model i n  

s i m u l a t i n g  s t reamf low f rom watersheds i n  Saskatchewan i s  s u f f i c i e n t  t o  

wa r ran t  implement ing t h e  model i n  t he  St reamf low Synthes is  and Reser- 

v o i r  Regu la t i on  Model (SSARR). 

5. IMPLEMENTATION OF THE SSARR MODEL ON THE HPlOOO COMPUTER 

The implementat ion o f  t he  SSARR model on t h e  HPlOOO computer 

r e q u i r e d  a t t e n t i o n  t o  f o u r  d i s t i n c t  problems, namely: t he  incompat i -  

b i l i t y  w i t h  ISM FORTRAN; t he  q u e s t i o n  o f  program s i ze ;  t h e  d i f f i c u l -  

t i e s  assoc ia ted  w i t h  an a r c h a i c  and p o o r l y - s t r u c t u r e d  code and t h e  



need f o r  suppor t  programs.. A 1 is.t o f  thes.e prohlerns and the manner i n  

which they were so lved i s  presented below.. 

5.1 I B M  INCOMPATIBILITY 

(1) IBM uses a  '32  b i t '  i n t ege r  w h i l e  HP uses a  ' 16  b i t '  

i n t e g e r ,  t h i s  meant i t  was necessary t o  d e c l a r e  a l l  i n t e g e r  v a r i a b l e s  

t o  be double f o r  c o m p a t i b i l i t y .  Th is  i nvo l ved  a  t r i v i a l  change t o  the  

compi le r  " job" l i n e  a t  t h e  s t a r t  o f  each subrou t ine .  

(2)  I n  I B M  FORTRAN, i n tege rs  can be i n p u t t e d  us ing  r e a l  

format and then through an equiva lence statement thay can be t r e a t e d  

as r e a l  v a r i a b l e s .  Th is  k i n d  o f  type convers ion  i s  n o t  p o s s i b l e  on 

t he  HP1000. The problem was so lved by search ing f o r  a l l  i npu t  s t a t e -  

ments where i n t e g e r s  were read us ing r e a l  f o rma t ,  changing t h e  v a r i -  

ab les  t o  r e a l  and equ iva lenc ing  them back t o  t h e  i n t e g e r  v a r i a b l e .  

Most o f  these problems were found i n  sub rou t i ne  INCARD, a  rev i sed  

l i s t i n g  i s  inc luded  i n  Appendix A. 

( 3 )  Output r o u t i n e  CPRINT requi  red changes i n  o rde r  t o  p r i n t  

r e a l  and i n t e g e r  v a r i a b l e s  c o r r e c t l y  (a 1 i s t i n g  o f  the  modif i ed  ver -  

s i o n  o f  CPRINT i s  inc luded  i n  Appendix B ) .  As per  i tem (2)  above, the  

problem stems f rom the  f a c t  t h a t  IBM does t ype  convers ion  on i n p u t /  

o u t p u t  based on t he  type  o f  t he  format s ta tement .  

(4) On ou tpu t  IBM t r e a t s  b l ank  columns as zeroes, HP t r e a t s  

them as b lanks .  HP does have an I B M  c o m p a t i b i l i t y  f ea tu re  (BZ)  t h a t  

a l l o w s  b lanks t o  be read as zeroes. So lv ing  t h e  problem was a  s imp le  

ma t te r  o f  i n s e r t i n g  BZ i n  every i n p u t  format  s ta tement  i n  the  program. 

(.5) The SSARR model makes use o f  an IBM non-standard subrou- 

t i n e  c a l l e d  CORE f o r  i n t e r n a l  data (o r  co re )  t r a n s f e r s .  An a t tempt  

was made t o  emulate t he  f u n c t i o n  o f  t h i s  r o u t i n e  w i t h  a  FORTRAN sub- 

r o u t i n e ,  bu t  t h i s  proved t o  be imposs ib le  due t o  t he  i n t e r n a l  da ta  

t ype  convers ions mentioned p r e v i o u s l y .  I t  became necessary t o  change 

over  comple te ly  and use FORTRAN 77 s tandard l n t e r n a l  Read statements.  

Th i s  i nvo l ved  a r a d i c a l  change i n  t he  way i npu t  data was passed be- 

tween t h e  v a r i o u s  i npu t  r ou t i nes .  A  new common b lock  c a l l e d  DOH was 

c rea ted  (see Appendix A ) .  Th is  b l ock  uses c h a r a c t e r  s t r i n g s  t o  pass 

i n p u t  da ta  from module t o  module, the  da ta  i s  then r e t r i e v e d  us ing  

I n t e r n a l  Read s ta tements.  



5.2  PROGRAM S l  ZE 

The common b l o c k  s i z e  requ i  rements o f  SSARR were t o o  l a r g e  

t o  be handled as o r d i n a r y  named common on t h e  HP1000. I t  was neces- 

sa r y  t h e r e f o r e  t o  p l ace  common b l o c k  ' C l '  i n  EMA (Extended Memory 

Area) common, t h i s  i s  memory t h a t  i s  o u t s i d e  o f  t h e  normal address 

space o f  t he  program. Th i s  techn ique  i s  no rma l l y  ve ry  easy t o  a p p l y ,  

however, i n  t h i s  case, spec ia l  c a r e  was r e q u i r e d  due t o  t h e  f a c t  t h a t  

' C l '  i s  t he  s to rage  area f o r  a l l  o f  t h e  process c o n t r o l  v a r i a b l e s .  

D i r e c t  access d i s k  f i l e s  presented ano ther  o b s t a c l e  because 

these  f i l e s  can n o t  be handled as e x t e r n a l  dev ices  f rom t h e  FORTRAN 

program. The s i z e  pena l t y  f o r  i n c l u d i n g  t h e  f i l e  hand l ing  package i n  

t h e  program i s  ve ry  l a rge .  The o n l y  s o l u t i o n  was t o  w r i t e  a  separa te  

FORTRAN program, c a l l a b l e  f rom the  model, t o  do D i r e c t  Access Memory 

t r a n s f e r s .  Sequen t ia l  access f i l e s  a r e  handled as e x t e r n a l  dev ices  by 

t h e  program. 

I n  an e f f o r t  t o  reduce program s i z e  f o r  g r e a t e r  ease o f  

l oad ing ,  severa l  unused subrou t ines  were rep laced  by dummy r o u t i n e s .  

Those rep laced  were BASINM, BASMET, BASMC and CPRINM. 

5 . 3  PROGRAM STRUCTURE 

The m a j o r i t y  o f  t he  SSARR subrou t ines  a r e  d i f f i c u l t  t o  read 

and unders tand,  t h i s  i s  due t o  severa l  f a c t o r s  i n c l u d i n g ,  sparse 

comments, poor s t r u c t u r e ,  and overuse o f  "GO TO" and "ARITHMETIC IF" 

s ta tements .  

The f i r s t  100 l i n e s  o f  INCARD were r e s t r u c t u r e d  u s i n g  "BLOCK 

IFS" wherever poss ib l e .  The main purpose f o r  do ing  t h i s  was t o  f a c i l i -  

t a t e  t h e  change f rom IBM "Cal 1 CORE" t o  FORTRAN 77 s tandard i n t e r n a l  

read s ta tements ,  and t he  use o f  cha rac te r  v a r i a b l e s  f o r  l o g i c  c o n t r o l  

- A  l i s t i n g  o f  t he  r ev i sed  s u b r o u t i n e  i s  i nc l uded  i n  Appendix A. A  

b e n e f i c i a l  e f f e c t  o f  t h e  r e s t r u c t u r i n g  i s  t h a t  "Block I f "  l o g i c  i s  

much e a s i e r  t o  understand. 

I n  p r e p a r a t i o n  f o r  m o d i f i c a t i o n  o f  modules BASEC and BASINE, 

they  were re -o rgan ized  and updated. I t  was necessary t o  rev iew b o t h  

r o u t i n e s  l i n e  by l i n e  and change t o  "B lock I f "  l o g i c  i n  o r d e r  t o  be 

a b l e  t o  i d e n t i f y  areas o f  the  code t h a t  would have t o  be m o d i f i e d  t o  



i n co rpo ra te  the  DOH i n f i l t r a t i o n  a l go r i t hm.  Subrout ine BASEC was s p l i t  

i n t o  two p a r t s ,  t he  new r o u t i n e  SCA DEPLETE i s  the  snowcoyer d e p l e t i o n  - 
p a r t  o f  BASEC. Subrout ine BAS - PRtNT was s p l i t  away from B A S l N E  and 

mod i f i ed  s l i g h t l y  so t h a t  t he  o u t p u t  format  f o r  bas in  r e s u l t s  i s  

c o n s i s t e n t  f o r  a l l  watershed o p t i o n s  ( i e .  S p l i t  Watershed, E l e v a t i o n  

Band). L i s t i n g s  o f  the  rev i sed  ve rs i ons  o f  B A S l N E  and BASEC a r e  i n -  

c luded  i n  Appendices C and D r e s p e c t i v e l y .  

The f i r s t  "bug" found i n  t he  program was w i t h i n  sub rou t i ne  

BASEC. Th i s  "bug" was in t roduced when sub rou t i ne  BASEC was s p l i t  away 

from BASlNE by t he  ARMY CORPS OF ENGINEERS. When the  new sub rou t i ne  

was c rea ted ,  communication between BASEC and BASlNE was accomplished 

by means o f  a  new common b l o c k  BASIN, which con ta ined  a l l  bu t  two o f  

t h e  l o c a l  v a r i a b l e s  common t o  bo th  modules. Th i s  problem i s  n o t  a  

problem i f  a  l a r g e  computer i s  used, s i nce  t h e  e n t i r e  program i s  

memory r e s i d e n t  a t  a l l  t imes.  However, w i t h  a  segmented program on 

t he  HP1000, t h i s  i s  no t  t he  case, each c a l l  t o  a  sub rou t i ne  b r i n g s  i n  

a  f r e s h  copy o f  t h a t  r o u t i n e .  Local v a r i a b l e s  a r e  i n i t i a l i z e d  t o  zero  

w i t h  each f r e s h  copy. The end r e s u l t  i n  t h i s  case was t h a t  v a r i a b l e  

SSA was i n i t i a l i z e d  c o r r e c t l y  o n l y  once each "day" (every  f o u r t h  c a l l )  

wh ich  r e s u l t e d  i n  o n l y  one q u a r t e r  o f  each day 's  p r e c i p i t a t i o n  be ing  

processed. The s o l u t i o n  was t o  p u t  SSA and SFA i n  common b l o c k  BASIN. 

A  search was conducted f o r  o t h e r  v a r i a b l e s  i n  t h i s  ca tegory ,  none were 

found. 

5.4 SUPPORT PROGRAMS 

The p l o t t i n g  r o u t i n e  i n  the  SSARR model i s  a  r a t h e r  crude 

l i n e  p r i n t e r  p l o t  and i t  would have r e q u i r e d  cons ide rab le  e f f o r t  t o  

g e t  i t  running.  The s imp les t  s o l u t i o n  was t o  w r i t e  a  separate FORTRAN 

program t o  read t h e  SSARR o u t p u t  and r e - w r i t e  i t  i n  a  form s u i t a b l e  

f o r  a  gene ra l i zed  p l o t t i n g  package. Th i s  system p rov ides  qu i ck ,  accu- 

r a t e  p l o t s  o f  one o r  severa l  da ta  s e t s  on any g i v e n  graph. For i n -  

s tance  i t  i s  now p o s s i b l e  t o  compare t h e  hydrograph produced by t he  

r e v i s e d  model t o  t he  o r i g i n a l  model and t o  t he  observed f l ow .  Th i s  

p l o t  program would n o t  l i k e l y  be o f  any va lue  t o  A l b e r t a  Environment. 

Two o t h e r  suppor t  programs were a l s o  requ i red .  The f i r s t ,  



t o  conver t  meteoro log ica l  da ta  from NU$ ( ~ a t i o n a l  Weather ~ e r y i c e )  

format  t o  SSARR format ,  and the  second t o  conver t  AES ( ~ t m o s p h e r i c  

Environment s e r v i c e )  format  t o  SSARR format. 

6. IMPLEMENTATION OF DOH INFILTRATION ALGORITHM 

The process o f  g e t t i n g  t he  SSARR model up and running took  

much longer  than expected. One b e n e f i t  o f  t h i s  work was the  f a m i l i a r -  

i t y  ga ined w i t h  the  va r i ous  SSARR subrou t ines  t h e i r  i n p u t s  and com- 

mun i ca t i on  between them. Th i s  f a m i l i a r i t y  made i t  obv ious t h a t  imple- 

men ta t i on  o f  t he  DOH i n f i l t r a t i o n  a l g o r i t h m  was - not p o s s i b l e  s imply  by 

making changes t o  t he  i n p u t  t ab les .  

Exper ience ga ined i n  mod i f y i ng  the  NWSRFS Model was a p p l i e d  

t o  t he  a l t e r a t i o n  o f  t he  SSARR Model. l n f i l t r a t i o n  sequencing based 

on  t he  combinat ion  INDEX(^^) and CONSTANT/MELT (sec. 3.1, p. 10) was 

chosen t o  implement i n  t he  SSARR based on i t s  performance i n  t he  NWSRFS. 

The S o i l  Mo i s tu re  Index (SMI) o f  t he  SSARR was t r e a t e d  i n  a  fash ion  

s i m i l a r  t o  t he  Upper Zone s o i l  mo i s tu re  s to rage  o f  t he  NWSRFS. 

Four d i s t i n c t  areas o f  t he  SSARR program r e q u i r e d  r e v i s i o n  

i n  o r d e r  t o  implement the  DOH l n f i l t r a t i o n  A lgor i thm.  These were: the 

i n p u t  r o u t i n e  INCARD; the  o v e r a l l  watershed c o n t r o l  sub rou t i ne  BASINE; 

t h e  watershed p rocess ing  r o u t i n e  BASEC and the  o u t p u t  r o u t i n e  CPRINT. 

A l l  mod i f i ed  l i n e s  i n  t h e  va r i ous  modules a r e  f lagged w i t h  t he  f o l l o w -  

i ng: "! PAT LANDINE (date)" .  

6.1 l NCARD 

M o d i f i c a t i o n  o f  INCARD was s imply  a  m a t t e r  o f  changing t he  

a p p r o p r i a t e  read statement t o  i n p u t  a  P ra i r i es -Op t i on .  The read 

s ta tement  i n  q u e s t i o n  i s  a t  l i n e  268 o f  t he  l i s t i n g  i n  Appendix A. 

T r a n s f e r r i n g  t h a t  va lue  t o  t he  process ing r o u t i n e  was more d i f f i c u l t .  

The bes t  way t o  pass t he  o p t i o n  appeared t o  be through t h e  "bas in  

c h a r a c t e r i s t i c  record"  on d i  r e c t  access f i l e  " I O D C " .  However, a1 1 

a v a i l a b l e  space on t h i s  record  was used. The o n l y  way t o  g e t  around 

t h i s  was t o  change t he  s i z e  o f  t h e  space a l l o t t e d  f o r  the  s t a t i o n  name 

and d e s c r i p t i o n  f rom 1 1  words (44 cha rac te r s )  t o  10 words. The e x t r a  

word made a v a i l a b l e  i s  now used f o r  t h e  P r a i r i e s - O p t i o n .  I t  is ente red  



on the  " C B O I "  ca rd  a t  column 17, and the  va lue  i s  s t o r e d  i n  word 13 o f  

t h e  "bas i n  c h a r a c t e r i s t i c  record"  on d i  r e c t  access f i l e  " I O D C " .  (See 

Appendix F  f o r  changes t o  t he  SSARR Users Manual.) There a r e  f o u r  de- 

f i n e d  va lues  f o r  the  P r a i r i e s - O p t i o n ;  0  - D e f a u l t  va lue,  DOH a l g o r i t h m  

bypassed; 1 - L i m i t e d  i n f i l t r a t i o n  case; 2  - U n l i m i t e d  i n f i l t r a t i o n  

case; 3 - R e s t r i c t e d  i n f i l t r a t i o n  case. 

6.2 BAS l NE 

M o d i f i c a t i o n  o f  BASINE cons i s ted  o f  t he  i n s e r t i o n  o f  two 

" I f -Then-End i f "  b locks .  The f i r s t  i s  l oca ted  a t  l i n e  367 (Appendix C) 

i n  t he  i n i t i a l i z a t i o n  s e c t i o n  t o  ensure t h a t  v a r i a b l e s  p e r t a i n i n g  t o  

t h e  P r a i r i e s - O p t i o n  a r e  de f ined .  The second i s  i n  t he  process ing 

s e c t i o n  a t  l i n e  576 immediately a f t e r  t he  c a l l  t o  BAS - PRINT. I f  the  

c u r r e n t  snow water  e q u i v a l e n t  (SWE = xs (48))  exceeds t he  p rev ious  

maximum SWE, the  "b lock  i f "  i s  executed. The t o t a l  p o t e n t i a l  i n f i l -  

t r a t i o n  (TOTINF) f o r  t he  "L im i ted"  case i s  c a l c u l a t e d  (see Eq. 1 ,  p. 

5 )  and t he  i n f i l t r a t i o n  t h resho ld  i s  c a l c u l a t e d  based on a  s p r i n g  

snowmelt i n f i l t r a t i o n  p e r i o d  o f  6 days (sec. 3.1,  p. 9 ) .  

6. 3 BASEC 

A1 t e r a t  ions t o  BASEC were more ex tens ive .  New " I  f-Then- 

E lse-End i f "  b l ocks  were p u t  i n  a t  l i n e s  430, 755 and 781. I f  the 

snow-covered area (SCA) i s  g r e a t e r  than 1.0 and i f  the  P ra i  r ies-Opt  i on  

(PR - OPTN) i s  g r e a t e r  than zero  (0)  then a  new s e c t i o n  o f  code i s  

executed o the rw i se  t he  o l d  code i s  used. A t  l i n e  755, the  new code 

s imp ly  s e t s  BaseFlow Percent  (BFP) t o  zero. S i m i l a r l y ,  a t  1 i n e  781, 

Sub-surface f l o w  Percent (SSP) i s  s e t  t o  zero. A t  l i n e  430, the new 

code i s  s imply  a  c a l l  t o  a  sub rou t i ne  c a l l e d  PRAIRIES, t h i s  r o u t i n e  i s  ' 

i nc l uded  as p a r t  o f  t he  BASEC l i s t i n g ,  beg inn ing  a t  l i n e  1017 i n  

Appendix D. Two v a r i a b l e s ,  Watershed P r e c i p i t a t i o n  (WP) and Per iod  

Snowmelt (PSN) a r e  passed t o  t he  r o u t i n e ,  which r e t u r n s  t he  Runoff 

Percent  (ROP) f o r  the  per iod .  

I f t h e  P r a i  r i es -Op t  i o n  (PR - OPTN) equals  one ( ~ i m i  t ed  I n f  i l- 

t r a t i o n  Case), Subrou t ine  PRAIRIES compares the  sum of RAIN + PSN t o  

THRESHOLD, i f  THRESHOLD i s  exceeded, Spr ing i s  dec lared.  The i n f i l -  



t r a t i o n  r a t i o  ( INFR) i s  c a l c u l a t e d  as :  INFR = (TOTINF - SUMINF)/(MAXSWE 

- SUMINF) where SUMINF i s  t he  sum o f  i n f i l t r a t i o n  t h a t  has occurred.  

INFR rep resen t s  t he  f r a c t i o n  o f  each d a y ' s  m e l t  t h a t  w i l l  i n f i l t r a t e .  

I f  i t  i s  s p r i n g  then ROP i s  1.0 minus INFR, o t h e r w i s e  ROP i s  zero,  

wh ich  means t h a t  any minor  m e l t  o c c u r r i n g  b e f o r e  s p r i n g  w i l l  i n f i l -  

t r a t e  comp le te l y .  I f  PR - OPTN i s  2 then ROP i s  s e t  t o  ze ro  (no r u n o f f ) .  

I f  PR - OPTN i s  g r e a t e r  than 2 then ROP equals  one (no i n f i l t r a t i o n ) .  

The changes out1 ined above r e s u l t e d  i n  a  program t h a t  pro-  

duced good hydrograph s i m u l a t i o n  i n  terms o f  peak f l o w  and t o t a l  

volume. However, when t he  p r i n t e d  r e s u l t s  showing m o i s t u r e  i npu t / ou t -  

p u t  f o r  t he  bas in  were s t u d i e d  a new problem sur faced .  The m e l t  p l us  

r a i n  f o r  each p e r i o d  should be d i v i d e d  between i n f i l t r a t i o n  and r u n o f f  

acco rd i ng  t o  the  va lue  o f  ROP. Ins tead,  t he  m e l t  p l u s  r a i n  was be ing 

added d i r e c t l y  t o  the  S o i l  Mo i s tu re  Index (SMI )  as w e l l  as sending t he  

c o r r e c t  p o r t i o n  t o  r u n o f f .  T h i s  caused t h e  S M I  t o  be t oo  h igh ,  which 

resu 1 t e d  i n  e x t r a  r u n o f f  ( ~ u n o f  f depends on SM I ) and o f  course t he  

wate r  i n p u t /  o u t p u t  f o r  t he  bas in  d i d  no t  balance. 

A search was conducted t o  l o c a t e  t h e  code t h a t  was caus ing 

t h e  imbalance. I t  was t r aced  t o  a  s e c t i o n  o f  code beg inn ing  a t  l i n e  

919 i n  s u b r o u t i n e  BAS - PRINT ( p a r t  o f  BASINE l i s t i n g  i n  Appendix C ) .  

T h i s  s e c t i o n  i s  a  s o i l  mo i s tu re  feedback loop  i n t r oduced  by A l b e r t a  

Envi  ronment . The code was detoured by p u t t  i ng an " I  f-Then-End i f "  

b l o c k  around i t .  I f  t h e  P r a i r i e s - O p t i o n  i s  g r e a t e r  than  zero,  t h i s  

s e c t i o n  i s  bypassed. Th i s  means t h a t  t he  feedback loop  can s t i l l  be 

used by A l b e r t a  Environment s imp ly  by s e t t i n g  t h e  o p t i o n  t o  ze ro  

( d e f a u l t ) .  

The above change produced some improvement. C e r t a i n  i n d i -  

v i d u a l  p e r i o d s  i n  t he  p r i n t o u t  showed a wa te r  ba lance;  however t h e r e  

was no o v e r a l l  ba lance f rom the  beg inn ing  t o  t h e  end o f  m e l t .  Water 

was be ing  c r e a t e d  i n  t he  s w i t c h  f rom a snow-covered t o  a  snow-free 

watershed. The method used t o  t r a n s f e r  wa te r  f r om  t h e  Snow Covered 

Area (scA) t o  t he  Snow Free Area (SFA) was a t  t h e  r o o t  o f  t h i s  e r r o r .  

A s imp le  s o l u t i o n  was found b,y w r i t i n g  a new v a r i a b l e  DELTA - S M I ,  wh ich 

i s  equal  t o  t he  M o i s t u r e  I npu t  (MI) m u l t i p l i e d  by one minus ROP, i n t o  

a  temporary da ta  f i l e  f o r  each computat ion p e r i o d .  When t he  SFA bas in  



i s  processed, t h i s  f i l e  i s  rewound, read a l i n e  a t  a t ime  and t h e  

v a l u e  o f  DELTA - SMI  f o r  the  corresponding p e r i o d  i s  added t o  the  c u r -  

r e n t  S M I .  Th is  so lved t he  problem o f  t r a n s f e r r i n g  s o i l  mo i s tu re  f rom 

t h e  SCA t o  the SFA. 

There was one o t h e r  minor  f a c t o r  a f f e c t i n g  the  water  ba lance.  

The model a l l ows  the  user  t o  s e t  a maximum va lue  f o r  the  S o i l  Mo i s tu re  

Index (SMIMAX). I f  t h i s  maximum was exceeded, the SMI was s imply  re -  

s e t  t o  SMIMAX and the  excess water  was "wasted". Th is  cou ld  amount t o  

an app rec iab le  sum o f  water i n  a bas in  t h a t  was always near s a t u r a t i o n .  

Changes were made so t h a t  SMI  excess i s  now conver ted t o  r u n o f f .  There 

a r e  two l o c a t i o n s  i n  BASEC where t h i s  was done, l i n e  691 and 736; and 

one i n  SCA DEPLETE a t  l i n e  948. - 
I n  the  course o f  check ing water  balances i t  was no t i ced  t h a t  

t h e  column headed ETl (EvapoTranspi ra t ion Index) i n  t h e  b a s i n  r e s u l t s  

f i l e  was no t  the  computed ETI f o r  t he  pe r i od ,  b u t  r a t h e r  the  maximum 

t h a t  c o u l d  have occurred. A change was made a t  l i n e  961 o f  BAS - PRINT 

so t h a t  computed ETI would be w r i t t e n .  

Other minor changes were made t o  BASEC t o  cause t he  SCA and 

t h e  percen t  Snow Volume (sNVOL) t o  be reduced t o  0.05 r a t h e r  than 1.0 

a t  t h e  end o f  me l t .  Th is  e l i m i n a t e d  t he  t r i c k l e  o f  water  d ischarged 

by t h e  SCA a f t e r  me l t  was over  and a t  t he  same t ime improved the  

appearance o f  the SCA and SNVOL columns because they p r i n t  as 0.0 

i n s t e a d  o f  1.0 when m e l t  i s  over .  

6 .4  C P R l  NT 

A minor  change was made a t  l i n e  207 o f  CPRINT t o  cause i t  t o  

p r i n t  the  P r a i r i e s - O p t i o n  t h a t  had been se lec ted  f o r  t h a t  run. 

7 .  STREAMFLOW SIMULATION 

7.1 WASCANA WATERSHED 

A l l  i n i t i a l  t r i a l s  and debugging o f  t he  R E V I S E D  SSARR Model 

were conducted on the  Wascana Creek watershed a t  Sedley, Saskatchewan 

(For d e t a i  1s concern ing the  watershed r e f e r  t o  page 10) .  Data f o r  t h e  

years  1972, 1974, 1979, 1980 and 1982 were used i n  t he  "break- in"  

process . 



The s t a r t i n g  p o i n t  f o r  the  i n p u t  parameter s e t  was taken 

from a  sample data s e t  used by A l b e r t a  Environment f o r  the  Red Deer 

R i v e r  a t  Sundre. Th is  data se t  r e q u i r e d  severa l  m o d i f i c a t i o n s ,  

i n c l u d i n g  obv ious changes such as watershed e l e v a t i o n  and area. Other 

changes were made t o  such t h i n g s  as SMIMAX, base and r a i n - f r e e z e  

temperatures and su r f ace  r o u t i n g  parameters. 

The va lue  o f  SMIMAX was changed f rom 127 t o  178 mm. The 

v a l u e  o f  178 mm was a r r i v e d  a t  by equa t ing  t he  S M I  i n  SSARR t o  t he  

upper s o i l  zone, de f i ned  as t h a t  depth t o  which me l twa te r  w i l l  pene- 

t r a t e .  Th is  s o i l  zone i s  approx imate ly  300 mm i n  depth (Granger e t  a1 ., 
1984) and i f  a  s a t u r a t i o n  mo i s tu re  con ten t  o f  ~ 5 5 %  by volume i s  used, 

then  t he  maximum s to rage  capac i t y  o f  t h i s  zone i s  165 mm. For the 

NWSRFS Model, t h i s  was rounded up t o  170 mm, which produced a  good 

s t reamf low s i m u l a t i o n .  I n  t he  case o f  the  SSARR Model 165 mm was con- 

v e r t e d  t o  inches then rounded up t o  7.0 (178 mm). I n  t he  ope ra t i on  o f  

t h e  model t he  user  needs t o  know the  degree o f  s a t u r a t i o n  o f  the s o i l  

l a y e r ,  0-300 mm, p r i o r  t o  me l t ,  t h i s  va lue  m u l t i p l i e d  by SMIMAX should 

be en te red  as t he  s t a r t i n g  p o i n t  f o r  SMI  p r i o r  t o  m e l t .  

The base temperature and the  r a i n - f r e e z e  temperature were 
0 

s e t  t o  1 .  l 0c  ( 3 4 ' ~ ) ;  o t h e r  va lues were t e s t e d  bu t  34 F  produced the  

b e s t  agreement i n  the  t ime  elements o f  the  s i m u l t a t e d  and observed 

hydrographs. S e t t i n g  the  base temperature above f r e e z i n g  i s  a c t u a l l y  

a  round-about way o f  account ing  f o r  t he  nega t i ve  i n t e r n a l  energy 

con ten t  and s t o r i n g  l i q u i d  water  i n  t he  snowpack, thereby p reven t ing  

any o f  the  p re -sp r i ng  " t r i c k l e "  f rom showing up on t he  s imulated 

hydrog raph. 

Hydrograph t i m i n g  and shape were f u r t h e r  improved by a d j u s t -  

i ng  t he  su r f ace  f l o w  r o u t i n g  parameters. The number o f  su r f ace  r o u t -  

i n g  phases was s e t  a t  7 and the  su r f ace  t ime  o f  s t o rage  t o  12 hours.  

M e l t  r a t e s  f o r  the  March-Apr i l  p e r i o d  were a l s o  ad jus ted  t o  

correspond more c l o s e l y  w i t h  da ta  from Bad Lake, Sask. and minor 

changes were a l s o  made i n  t he  month ly  ETI (EvapoTranspi r a t  i on  Index) 

t a b l e  and t he  S M I - R I - R O P  t ab le .  

The c o n t r i b u t i n g  area f o r  the  bas in  was d i f f e r e n t  f o r  each 

year  s tud ied .  I n  t he  s i m l a t i o n s  repo r ted  below the  va lues f o r  t he  



c o n t r i b u t i n g  areas were those repo r ted  by Gray e t  a l .  (1985b) as a  

r e s u l t  o f  t h e i r  work on Wascana Creek w i t h  t h e  NWSRFS. For a  more 

complete d i s c u s s i o n  o f  t he  de te rm ina t i on  o f  c o n t r i b u t i n g  area,  r e f e r  

t o  s e c t i o n  4.3 o f  t he  r e p o r t  and Gray e t  a l .  (1985b). 

7.1.1 S imu la t i ons  

F i g u r e  7 shows t he  observed s t reamf low hydrographs p l o t t e d  

w i t h  t he  s imu la ted  hydrographs generated by t he  SSARR and Revised 

SSARR models f o r  a  low f l o w  year,  1972 ( ~ i g .  7a) and a  h i g h  f l o w  year ,  

1982 ( ~ i g .  7b) .  For comparable r e s u l t s  us i ng  the  NWSRFS r e f e r  t o  F ig .  

6, p. 26. The i n p u t  data se t s  used f o r  t he  s i m u l a t i o n s  were t he  same 

except  i n  t he  Revised SSARR the  P r a i r i e s  o p t i o n  was s e t  t o  one ( L i m i t e d  

Case). I n  t he  low f low year (1972) up t o  A p r i l  18, the  

s t reamf low volume s imu la ted  w i t h  t he  Revised system was o n l y  4% less  

than t he  observed; w i t h  t he  SSARR i t  was 48% less .  The agreement i n  

shapes o f  observed and s imu la ted  hydrographs f o r  t he  year  i s  l ess  than 

i d e a l  and may be a t t r i b u t e d  t o  a  host o f  f a c t o r s ,  f o r  example, poor 

cho i ce  o f  t he  m e l t  f a c t o r  ( t h i s  was the  o n l y  year  s t u d i e d  w i t h  m e l t  

o c c u r r i n g  i n  s arch), an i n c o r r e c t  base temperature,  i n c o r r e c t  sirnula- 

t i o n  o f  o t h e r  f a c t o r s  a f f e c t i n g  snowcover a b l a t i o n  and m e l t ,  r uno f f  

generated p r i n c i p a l l y  f rom in-channel accumulat ions and o the rs .  

Conversely,  as shown i n  F ig .  7b, the agreement o f  t he  hydrographs i n  

b o t h  shape and t i m i n g  i n  the  h i g h  f l o w  year  i s  markedly  improved from 

t h e  r e s u l t s  ob ta i ned  i n  1972. Fu r the r ,  i t  i s  obv ious  t he  s i m u l a t i o n  

w i t h  t he  Revised SSARR i s  b e t t e r  than t h a t  ob ta i ned  w i t h  the o r i g i n a l  

system. The R-squared va lue  f o r  t he  Revised SSARR was 0.792 compared 

w i t h  0.632 w i t h  the  SSARR and the  volume o f  r u n o f f  s imu la ted  w i t h  t he  

Revised SSARR was 12% l e s s  than the  observed whereas SSARR unde res t i -  

mated t he  observed f l o w  by 34%. 

S i m u l a t i o n s  o f  s t reamf low were a l s o  conducted on t he  water-  

shed f o r  t h r e e  o t h e r  years 1974, 1979 and 1980. A  comparison between 

observed and s imu la ted  volumes f o r  a l l  f i v e  years  i s  g i ven  i n  Table 4. 

From these da ta  i t  can be observed t h a t  i n  a l l  years  except 1980 t he  

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

s m a l l e r  w i t h  the  Revised SSARR compared w i t h  t he  SSARR. A lso  i t  can 



/--REV I S E O  SSARR 

DATE 

(a) LOW FLOW YEAR.  1972. 

- 

- REVISED SS 

- 
20 - 

- 
- 
- 

I 0 I I 

A p r .  1 A p r .  15 A p r .  30 

D A T E  

(b> H I G H  FLOW YEAR.  1982 

M a y  15 

F i g u r e  7. Observed and s imu la ted  streamflow hydrographs from snowmelt 
f o r  Wascana Creek a t  Sedley, Saskatchewan: (a )  low f l ow  
year ,  1972 and (b)  h i g h  f l o w  year ,  1982. Revised SSARR - 
t h e  SSARR model w i t h  t he  DOH i n f i l t r a t i o n  a l g o r i t h m  and 
SSARR - t h e  model opera ted  i n  i t s  o r i g i n a l  mode. 



Tab le  4. Comparison o f  observed f l o w  volume and volumes s imu la ted  w i t h  
Revised SSARR and SSARR models f o r  f i v e  years o f  snowmelt 
r u n o f f  on Wascana Creek near Sedley, Saskatchewan. 

Date 
Year Flow 

Ends 

1972 Apr.18 
1974 May 10 
1979 May 1 
1980 Apr.20 
1982 Apr.30 

Observed Rev i sed SSARR SSARR 
Flow 

(cmsd ) Flow E r r o r  Flow E r r o r  
(csmd ) % (csmd ) % 

38.9 37.4 4  20.2 48 
327.5 254.2 2  2  231.7 2  9 
152.7 127.5 17 85.7 44 
47.9 58.1 2  1 40.4 16 

219.7 193.3 12 145.9 34 

Mean 
Std. D e v i a t i o n  

be observed t h a t  t h e  s imu la ted  volumes, except t h a t  volume s imu la ted  

by t he  Revised SSARR, i n  1980, a r e  l e s s  than the  observed f l ow .  Th is  

r e s u l t  was s u r p r i s i n g  inasmuch as t he  va lues f o r  the  c o n t r i b u t i n g  area 

used i n  the s i m u l a t i o n s  were those va lues which produced t he  observed 

f l o w  a lmost  e x a c t l y  w i t h  the  NWSRFS and t he  same i n f i l t r a t i o n  a l g o r -  

i thm, me teo ro log i ca l  inpu ts ,  i n i t i a l  s o i l  mo i s tu re  con ten ts  and i n i t i a l  

snow wate r  equ i va len t s .  The reason f o r  t h e  d i f f e r e n c e  i n  volumes 

produced by t h e  NWSRFS and t h e  SSARR and t h e  unde rp red i c t i on  o f  t h e  

observed f l o w  by SSARR can be a t t r i b u t e d  t o  the  f a c t  t h a t  the  two 

models t r e a t  snow accumulat ions and a b l a t i o n  d i f f e r e n t l y .  For example, 

SSARR uses a  low- leve l  c u t - o f f  t o  e l i m i n a t e  ve ry  smal l  o r  i n s i g n i f i -  

can t  s n o w f a l l s .  Hence i n  many years,  t he  maximum snow water  equiva-  

l e n t  (MAXSWE) used i n  the  SSARR w i l l  be l ess  than t he  va lue  used i n  

t h e  NWSRFS. Tab le  5  compares va lues o f  MAXSWE g i ven  by the two systems. 

Only i n  1980 was the  MAXSWE w i t h  SSARR g r e a t e r  than f o r  the  NWSRFS; 

t h i s  was due t o  t he  f a c t  t h a t  SSARR p r e d i c t e d  a  l a t e r  da te  o f  s p r i n g  

break-up and as a  consequence an a d d i t i o n a l  ( l a t e - o c c u r r i n g )  p r e c i p i -  

t a t i o n  event was added t o  t he  snowpack. The n e t  r e s u l t ,  as shown i n  

Tab le  4  was t o  cause t he  r u n o f f  volume s imu la ted  by the Revised SSARR 

i n  1980 t o  be l a r g e r  than the  observed. 

The r e s u l t s  above s u f f i c e  t o  demonstrate t h a t  t h e  i n f i l t r a -  

t i o n  a l g o r i t h m  s i g n i f i c a n t l y  improves t he  s i m u l a t i o n  o f  s t reamf low 



Tab1 e  5. Comparison o f  MAXSUE f o r  t he  NWSRFS and SSARR. 

Year 
NWSRFS SSARR 

mm mm 

from snowmelt by the  SSARR model on a  P r a i r i e  watershed. On average, 

t h e  a l g o r i t h m  reduced the  r e l a t i v e  e r r o r  i n  p r e d i c t i n g  volumes by a  

f a c t o r  o f  %2, f rom 34 t o  15%. A t  the  same t ime  however, the  da ta  

p o i n t  o u t  t h e  h i g h  degree o f  dependency o f  t he  agreement between 

s imu la ted  and observed hydrographs on MAXSWE and c o n t r i b u t i n g  area. 

Reasonable agreement can o n l y  be expected when these parameters,  o r  

t h e i r  p roduc t  have been a c c u r a t e l y  eva luated.  

7.2 VERM 1 L  l ON R l  VER AT VEGREV l LLE 

The genera l  topography o f  the  Ve rm i l i on  R i v e r  bas in  above 

V e g r e v i l l e  i s  f l a t  t o  g e n t l y  r o l l i n g ,  w i t h  s i g n i f i c a n t  amounts o f  

depress iona l  s to rage  throughout  the  c e n t r a l  and upper p a r t s .  The 

g ross  d ra inage  area o f  the  watershed i s  1589 km2, and t h e  e f f e c t i v e  

area i s  613 km2 (PFRA, 1985). Land use maps p rov ided  by A l b e r t a  

Environment were no t  complete, bu t  d i d  i n d i c a t e  t h a t  s i g n i f i c a n t  areas 

o f  t he  southern and eas te rn  p a r t s  of  t he  watershed were unimproved 

pas tu re land  (40%), t he  remainder o f  the  bas in  i s  used p r i n c i p a l  l y  f o r  

d r y l a n d  p r o d u c t i o n  o f  ce rea l  crops and o i l s e e d s .  

There a r e  two major  so i  1 o rde rs  i n  t he  bas in .  So lone tz i c  

s o i l s  make up approx imate ly  60% o f  the  area, w h i l e  Chernozemic s o i l s  

account f o r  t h e  remain ing 40% (Bowser e t  a l . ,  1962). So lone tz i c  s o i l s  

a r e  dominant i n  t he  south and eas t  and i n  areas f a l l i n g  immediately 

ad jacen t  t o  stream channels.  The most common s o i l  s e r i e s  i n  the  

S o l o n e t z i c  area i s  Camrose Loam, which i s  r a t e d  as hav ing  a moderate 

d ra inage  capac i t y .  Th i s  means t h a t  water  i s  removed s l o w l y  from the  

s o i  1 su r f ace  and a  temporary water  t a b l e  o f t e n  develops ( ~ o w s e r  e t  



a l . ,  1962). I n  the  Chernozemic s o i l  area, Angus Ridge loam i s  ve ry  

common. T h i s  i s  a  very  f e r t i l e  e l u v i a t e d  b l a c k  s o i l  which i s  w e l l -  

d ra i ned  (Bowser e t  a l . ,  1962). 

The wate r  s to rage  c a p a b i l i t y  o f  t h e  loam s o i l s  i s  r a t e d  as 

"medium", wh ich  means they a r e  capable o f  h o l d i n g  f rom 50 mm t o  125 mm 

o f  wa te r  per  300 mm of  s o i l  a t  f i e l d  capac i t y  (Bowser e t  a l . ,  1962). 

T h i s  would suggest s a t u r a t i o n  c a p a c i t i e s  i n  t he  range o f  33 t o  83% by 

volume. Data ob ta i ned  from the  Canada A g r i c u l t u r e  Research Subs ta t ion  

a t  Vegrevi  1 1 e  (Personal communication) showed an average s a t u r a t i o n  

m o i s t u r e  con ten t  o f  the  So lone tz i c  s o i l  t o  be Q508 by volume ( i . e .  150 

mm o f  water  pe r  300 mm o f  s o i l )  and t h i s  va lue  was used as the  maximum 

s o i l  mo i s tu re  index (SMIMAX) o f  the SSARR model i n  t h e  s i m u l a t i o n  

t r i a l s  conducted on t he  bas in .  

The p re -me l t  da ta  a v a i l a b l e  f o r  t he  Ve rm i l i on  bas in  was f o r  

t he  most p a r t  scanty  and i n  some cases u n r e l i a b l e .  The o n l y  s o i l  

m o i s t u r e  measurements a v a i l a b l e  were from the  Canada A g r i c u l t u r e  

Research Subs ta t i on  a t  V e g r e v i l l e .  These da ta  were assumed t o  be o f  

good q u a l i t y ,  b u t  they a r e  o n l y  r e p r e s e n t a t i v e  o f  t h a t  area o f  the  

watershed immediately ad jacen t  t o  the  research s t a t i o n .  There were 

a l s o  severa l  "key" years i n  which no data were c o l l e c t e d ,  no tab l y  t he  

f a l l  o f  1978 and 1979. The l a c k  o f  s o i l  m o i s t u r e  da ta  made i t  neces- 

sa ry  t o  use month ly  r a i n f a l  1 data c o l l e c t e d  p r i o r  t o  f reeze-up (Sept. 

and Oct.)  t o  es t ima te  t he  p remel t  s o i l  m o i s t u r e  s t a t u s .  I n  t h i s  

c a l c u l a t i o n  i t  was assumed t h a t  the  s o i l  m o i s t u r e  con ten t  was near t h e  

w i  1 t i n g  p o i n t  (%15%) a t  t h e  end o f  August. The amount o f  p r e c i p i  t a -  

t i o n  o c c u r r i n g  a f t e r  Sept. 1 and be fo re  Nov. 1 was used t o  c l a s s i f y  

t he  s o i l  m o i s t u r e  con ten t  i n t o  t h ree  broad c a t e g o r i e s :  (a)  above f i e l d  

c a p a c i t y  (33% by volume) ; (b) f i e l d  capac i t y  (25% by volume) ; and (c )  

below f i e l d  c a p a c i t y  (17% by volume). 

The o n l y  snow survey data ava i lab1 e  which had been c o l  l e c t e d  

d i r e c t l y  on t h e  bas in  was from the Bruce snow p i l l o w  course which i s  

l o c a t e d  near t he  main stream channel approx imate ly  25 km south o f  

V e g r e v i l l e .  Based on an "on-s i te "  v i s i t  t o  t he  Bruce s t a t i o n  i t  was 

cons idered  t h a t  t he  exposure c o n d i t i o n s  a t  t h e  s i t e  were s u f f i c i e n t l y  

d i f f e r e n t  f rom those o f  the  surrounding area t o  p u t  i n  ques t i on  the  



r e l i a b i l i t y  o f  t he  snow survey da ta  as r ep resen t i ng  snow c o n d i t i o n s  on 

t h e  watershed. Other comparisons of  hydrometeoro log ica l  da ta  v e r i f i e d  

t h i s  conc lus i on .  For example, t h e  snow wate r  e q u i v a l e n t  (SUE) a t  t h e  

p i l l o w  on Mar. 1 ,  1979 was 61 mm and on Mar. 15 i t  was 81 mm. A  

rev iew o f  t h e  p r e c i p i t a t i o n  records f o r  V e g r e v i l l e  r epo r t ed  by t h e  

Atmospher ic Environment Se rv i ce  showed o n l y  8  mm o f  snowfa l l  i n  t h e  

p e r i o d ;  Camrose showed no p r e c i p i t a t i o n .  Again on March 1 ,  1978, SWE 

was 74 mm; on March 15, SWE was 94 mm; no p r e c i p i t a t i o n  was repo r t ed  

d u r i n g  t h e  p e r i o d  a t  V e g r e v i l l e  and o n l y  1 mm a t  Camrose. The second 

h i g h e s t  SWE recorded a t  t he  Bruce p i l l o w  d u r i n g  t h e  years  1975 t o  1984 

was 94 mm on March 15, 1978; t h e  lowest  recorded s t reamf low was i n  

1978. 

I n  v iew o f  t h e  q u a l i t y  o f  t h e  snow p i l l o w  da ta  i t  was d i s -  

carded and t h e  snow depth measurements r epo r t ed  by t h e  Atmospheric 

Environment Se rv i ce  f o r  t h e  Canada A g r i c u l t u r e  Research Subs ta t i on  a t  

V e g r e v i l l e  were used f o r  t he  s i m u l a t i o n .  These da ta  appeared t o  be 

more c o n s i s t e n t  w i t h  t he  recorded s t reamf low than t h e  snow p i l l o w  

da ta .  The i n i t i a l  va l ue  o f  snowcover wa te r  e q u i v a l e n t  was taken as 

t h e  p roduc t  o f  t h e  snowcover depth ( V e g r e v i l l e )  and t h e  snow d e n s i t y  

(Bruce snow p i l l o w )  on March 1 o f  a  g i ven  year .  Updat ing t h i s  v a r i -  

a b l e  t o  account  f o r  l a t e - o c c u r r i n g  snow fa l l s  was accompl ished us i ng  

measurements f rom a  Nipher  snow gauge a t  V e g r e v i l l e .  

7.2.1 S imu la t i ons  

F i gu res  8  and 9  show the  s imu la ted  and observed hydrographs 

from snowmel t f o r  t h e  Vermi l  i on  R i ve r  a t  Vegrevi  1 l e  f o r  h i g h ,  medium 

and low f l o w  years .  I n  t he  f i g u r e s  t h e  Revised SSARR i s  o u t p u t  from 

t h e  model c o n t a i n i n g  t h e  DOH i n f i l t r a t i o n  a l g o r i t h m ;  SSARR i s  o u t p u t  

f rom t h e  system when opera ted  i n  i t s  o r i g i n a l  mode. I d e n t i c a l  i n p u t  

parameters  were used i n  each system. Runoff  i n  1974 ( ~ i g .  8a ) ,  t h e  

h i g h  f l o w  year ,  was t h e  r e s u l t  o f  ve ry  h i g h  antecedent  s o i l  m o i s t u r e  

condi  t i ons  caused by above normal r a  i n f a l l  i n  t h e  f a  1 1 (78 mm occur -  

r i n g  between September 1 and October 31, 1973) and a  ve r y  heavy, deep 

snowpack. The hydrographs desc r i bed  as t h e  medium f l ow  year ,  1979 

( F i g .  8b) r ep resen t  d i scha rge  produced under ve r y  h i g h  antecedent  
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F igure  8. Observed and s imulated streamflow hydrographs from snowmelt 
f o r  Ve rm i l i on  R iver  a t  Vegrev i l l e ,  A lbe r ta :  (a) h igh  f l o w  
year,  1974 and (b) medium f l o w  year, 1979. Revised SSARR - 
the  SSARR model w i t h  the DOH i n f i l t r a t i o n  a l g o r i t h m  and 
SSARR - the  model operated i n  i t s  o r i g i n a l  mode. 
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F i g u r e  9. Observed and s imu la ted  s t reamf low hydrographs f rom snowmelt 
f o r  the  V e r m i l i o n  R i ve r  a t  V e g r e v i l l e ,  A l b e r t a  f o r  a  low 
f l o w  year ,  1980. Revised SSARR - the  SSARR model w i t h  the  
DOH i n f i l t r a t i o n  a l g o r i t h m  and SSARR - the  model operated i n  
i t s  o r i g i n a l  mode. 

m o i s t u r e  c o n d i t i o n s  (110 mm o f  r a i n  occur red  between September 1 and 

October 31, 1978) and an average snowcover. F i gu re  9, t he  low f l o w  

yea r ,  1980, can be taken as rep resen t i ng  s t reamf low r u n o f f  under 

c o n d i t i o n s  where the  f a l l  and w i n t e r  p r e c i p i t a t i o n  amounts were near 

norma 1 . 
Tab le  6 summarizes t h e  da ta  i npu t s  and the  r e s u l t s  o f  the  

s i m u l a t i o n s  g i ven  i n  F igs .  8 and 9. I t  should be noted t h a t  1979 was 

used as a  c a l i b r a t i o n  year i n  which the  s i z e  o f  t he  c o n t r i b u t i n g  area 

was ad jus ted  i n  increments o f  70 km2 (25 m i )  u n t i l  the  volume o f  

r u n o f f  pr,oduced by the  Revised SSARR agr,eed w i t h i n  2% o f  the  observed 

f low.  Exper ience ga ined i n  t h i s  process was used t o  es t ima te  t he  s i z e  

o f  t he  c o n t r i b u t i n g  area f o r  1974 and 1980. As mentioned p r e v i o u s l y ,  

p re -me l t  S M I  was p u t  i n t o  one o f  t h r e e  ca tego r i es  based on the  r a i n -  

f a l l  r ece i ved  t he  p rev ious  f a l l .  1974 and 1979 were cons idered wet 

(above f i e l d  c a p a c i t y ) ;  f a l l  m o i s t u r e  c o n d i t i o n s  i n  1980 were taken as 

average ( f i e l d  c a p a c i t y ) .  The maximum SWE l i s t e d  i n  Table 6 i s  t he  

v a l u e  f o r  March 1 .  



I n  comparing the  observed and s imu la ted  f l ows  g iven  i n  Table 

6 i t  i s  obv ious  t h a t  the  Revised SSARR p rov ided  b e t t e r  approx imat ions 

o f  t h e  observed f l o w  volumes than ob ta ined  w i t h  SSARR. These f i n d i n g s  

a r e  c o n s i s t e n t  w i t h  the  r e s u l t s  ob ta i ned  w i t h  t h e  two systems on 

Wascana Creek. 

Tab le  6. Summary o f  i npu t  parameters and o u t p u t  f o r  s imu la t i on  w i t h  
t h e  SSARR and Revised SSARR models on t he  Vermi l ion  R iver .  

P re-  Flow 
Cont. F a l l  M e l t  MAX Observed Revised E r ro r  SSARR E r r o r  

Year Area Rain SMI SWE SSARR 
km2 mm mm mrn cmsd cmsd % cmsd % 

1974 972 78 100 137 1297 1232 5 1010 22 
1979 764 1 I 0  100 50 432 425 2 323 25 
1980 278 64 75 50 7 4 7 8 5 62 17 

7 .3  GENERAL OBSERVATIONS 

I n  t he  i n v e s t i g a t i o n s  conducted w i t h  t he  SSARR and Revised 

SSARR models f o r  s i m u l a t i n g  "observed" s t reamf low f rom snowmelt on the  

Wascana and Ve rm i l i on  watersheds no a t t emp t  was made t o  maximize the  

agreement between the  "s imulated" and "observed" hydrographs. I t i s  

known t h a t  SSARR o f f e r s  s u f f i c i e n t  f l e x i b i l i t y  t h a t  by changing d i f -  

f e r e n t  parameters such as; the  m e l t  f a c t o r s ,  t h e  base temperatures 

used f o r  m e l t  o r  d i s t i n g u i s h i n g  p r e c i p i t a t i o n  as r a i n  o r  snow, the  

number o f  r e s e r v o i r s  used f o r  r o u t i n g ,  t he  s i z e  o f  the  c o n t r i b u t i n g  

a rea  o r  o t h e r  va r i ab les ,  much c l o s e r  agreement between the  hydrographs 

c o u l d  have been achieved. Th is  o b j e c t i v e  was n o t  pursued because o f  

t he  l i m i t a t i o n s  imposed by the  da ta  s e t s  used i n  t he  c a l c u l a t i o n s ;  

e.g. w i t h  respec t  t o  q u a l i t y ,  r e l i a b i l i t y ,  represen ta t i veness  and 

completeness, and most changes would l a c k  a p h y s i c a l  base, hence p u t  

i n  q u e s t i o n  t h e  va lue  and i n t e g r i t y  o f  t h e  exe rc i se .  As a consequence, 

t h e  e v a l u a t i o n s  have been based on t h e  agreement between the f l ow  

volumes s imu la ted  by the two systems w i t h  t he  same s e t  o f  i npu t  para-  

meters  and t he  observed f low.  Even t h e  f i n d i n g s  f rom t h i s  s imp le  

a n a l y s i s  may be sub jec t  t o  ques t ion ,  p a r t i c u l a r l y  f o r  the Ve rm i l i on  

R i ve r ,  because t he  gauging s t a t i o n  i s  a n a t u r a l  c o n t r o l  and the e r r o r s  

i n  measurement o f  d ischarge  unknown. 



I t  i s  a l s o  po in ted  o u t  t h a t  t he  i n f i l t r a t i o n  model used i n  

t he  Revised SSARR was developed f rom f i e l d  data t h a t  d i d  no t  i n c l u d e  

So lone tz i c  s o i l s .  The manner i n  which t h e  snowmelt i n f i l t r a t i o n  

c h a r a c t e r i s t i c s  o f  f rozen ,  So lone tz i c  s o i l s  should be bes t - represen ted  

i n  t h e  i n f i l t r a t i o n  model r e q u i r e s  f u r t h e r  study. For example, should 

they be t r e a t e d  as areas hav ing a smal l  cons tan t ,  b u t  l i m i t e d  water  

s to rage  c a p a c i t y  o r  can they be assumed t o  have c h a r a c t e r i s t i c s  anala-  

gous t o  wet, non -so lone t z i c  s o i l s  o f  L im i t ed  i n f i l t r a t i o n  p o t e n t i a l ?  

Desp i te  t h e  above remarks, i t  i s  be l i eved  t h a t  t h e  Revised 

SSARR w i l l  lead t o  "improved" s imu la t i ons  o f  s t reamf low from snowmelt 

on t he  Ve rm i l i on  R i ve r  f rom those o b t a i n a b l e  w i t h  SSARR; the  degree o f  

improvement l a r g e l y  depending on proper  e v a l u a t i o n  o f  severa l  model 

parameters. 

8. SUMMARY 

T h i s  r e p o r t  p resen ts  t he  r e s u l t s  o f  an i n v e s t i g a t i o n  d i r e c t e d  

t o  i n t e r f a c i n g  a  snowmelt i n f i l t r a t i o n  model f o r  f r ozen  s o i l s  w i t h  t he  

U.S. Army Corps o f  Engineers Streamflow Synthes is  and Reservo i r  Regu- 

l a t  i on  model (SSARR) and t e s t i n g  the  performance o f  t h e  rev i sed  system 

( ~ e v i s e d  SSARR) i n  s i m u l a t i n g  s t reamf low f rom snowmelt on P r a i r i e  

watersheds. 

The i n f i l t r a t i o n  model used i s  t h a t  developed by t h e  D i v i s i o n  

o f  Hydrology, U n i v e r s i t y  o f  Saskatchewan which suggests t h a t  f o r  prac-  

t i c a l  purposes f r ozen  s o i l s  may be grouped i n t o  t h r e e  general  c lasses  

w i t h  respec t  t o  t h e i r  snowmelt i n f i l t r a t i o n  p o t e n t i a l :  R e s t r i c t e d  - a l l  

snow water  goes t o  r u n o f f ;  U n l i m i t e d  - a l l  snow wate r  i n f i l t r a t e s ;  and 

L i m i t e d  - i n f i l t r a t i o n  (INF) i s  r e l a t e d  t o  t h e  snowcover water  equiva-  

l e n t  (SWE) and so i  1 wa te r / i ce  con ten t  o f  t h e  s o i  1 l a ye r ,  0-300 mm, a t  

t h e  t ime o f  m e l t  ( 8  ) .  An e m p i r i c a l  express ion  d e s c r i b i n g  t h e  i n t e r -  
P  

r e l a t i o n s h i p  between INF, SWE and 8 f o r  t he  L i m i t e d  case i s  presented. 
P  

The procedures and methodologies o f  implement ing and i n c o r -  

p o r a t i n g  t he  i n f i l t r a t i o n  model i n t o  o p e r a t i o n a l  s t reamf low fo recas t -  

i ng  systems a r e  discussed. S p e c i f i c  d e t a i l s  w i t h  respec t  t o  such 

aspec t s  as:  r e v i s i o n s  t o  t h e  e x i s t i n g  sub rou t i nes  and t h e  development 

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



i n t e r f a c e  t he  model w i t h  t he  U.S. Army Corps o f  Engineers Streamflow 

Syn thes is  and Reservo i r  Regu la t ion  model (SSARR) a r e  presented and 

descr ibed .  

Tes ts  were conducted w i t h  the  Revised SSARR, the  model w i t h  

t h e  i n f i l t r a t i o n  a l go r i t hm,  and the  SSARR i n  s i m u l a t i n g  s t reamf low 

from snowmelt on the Wascana Creek watershed near Sedley, Saskatchewan 

and t h e  Ve rm i l i on  R i ve r  a t  V e g r e v i l l e ,  A l b e r t a  f o r  severa l  years o f  

r eco rd .  Comparisons between the  f l o w  volumes showed t h a t  t he  Revised 

SSARR s u b s t a n t i a l l y  reduced the  r e l a t i v e  e r r o r  i n  e s t i m a t i n g  t he  

observed f l o w  from t h a t  ob ta ined  w i t h  SSARR. Reductions i n  t h e  r e l a -  

t i v e  e r r o r  ranging f rom 7-44% o f  observed were found. 

The d iscuss ions  emphasize the  need f o r  accura te  es t ima tes  o f  

model i n p u t  parameters, such as snowcover water equ i va len t ,  s i z e  o f  

c o n t r i b u t i n g  area and s o i l  m o i s t u r e / i c e  con ten t  a t  the  t ime  o f  m e l t  

f o r  r e l i a b l e  s i m u l a t i o n  o f  s t reamf low from snowmelt on a P r a i r i e  

watershed and proper e v a l u a t i o n  o f  model performance. 
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Appendix A 

Comnon B lock  DOH 

0001 C 
0002 C INCLUDE FILE FOR COHHON BLOCK 'DOH' SSARR 
0003 C 
0004 CHARACTER TEXTt8O 
0005 C 
0006 COHHON /DOH/TEXT 
0007 C 
0008 c TEXT i s  a cha rac te r  v a r i a b l e  used i n  read ing  t h e  i n p u t  
0009 c f i l e  l i n e  by l i n e  and then t r a n s f e r r i n g  the 
0010 c da ta  t o  t he  a p p r o p r i a t e  r e a l  o r  i n t e g e r  v a r i a b l e  
Q O i i  c v i a  I n t e r n a l  Read S ta tenen ts .  

Sub rou t i ne  INCRD 

0001 FTN7X,J,E 
0002 SEHA /C i /  
00@3 SUBROUTINE INCARD (ICC, ICN, ISTA, I R )  
0004 +, i 143 PH WED., 24 APR., 1985 (851126.0941) 
0005 C INPUT A CARD IHAGE AND IDENTIFY AND FORHAT I T .  RETURN AN 
0806 C INTERNAL CARD CODE N M E R  (ICC) WITH VALUES 2 THROUGH 100 
0007 C I F  IDENTIFIED. ICC = i  I F  CARD CANNOT BE IDENTIFIED, M D  I R ( 1 )  
8098 C AND IR(2 )  WILL CONTAIN COL. 1 AND 2 RESP., I N  A1 FORHAT. 
0009 C IR(3)  - I R t i 9 )  WILL CONTAIN COL. 14-80 I N  A4 FORHAT. 
PO10 C 
O O i i  C RETURN COL. 3-4 I N  I 2  FORMAT (ICN), AND COL. 5-13 I N  I 9  
OOS2 C FORMAT (ISTA) . 
0013 C RETURNED CONTENTS OF I R  ARRAY ARE DESCRIBED AT EACH 
0014 C CARD READ INSTRUCTION. 
0015 C UNIT IOR I S  CARD READER. 
0016 C 
0017 C Re-organized t o  use cha rac te r  v a r i a b l e s  and B lock  I f  l o g i c  
0018 C June 1985 by: 
0019 c Pat Land ine 
0820" c D i v i s i o n  o f  Hydrology 
0021 c U n i v e r s i t y  o f  Saskatcheuan 
0022 C 
(023 $INCLUDE I C 1  : PL: 121 ,NOLIST 
OQ24 *INCLUDE [DOH : PL : 121 ,NDLIST 
002s C 
0 026 INTEGER NPA (11, I R ( i ) ,  IRT(35) 
OQ27 REAL XIR(35) 
0028 CHARACTER t 1 CC1 ,CC2, X T U  
0029 EBUIVALENCE tNP, NPA(1)) 



0030 EBUIVILENCE ( IRT( i )  , X I R ( i )  
O03i C 
003'2 C Read a L ine  i n t o  Character Variable 
0133 c 
0034 I R E I D ( I O R , ' ( A ) ' , E N D = 3 9 0 ) T E X T  
0 035 YRITE (100, ' ( A ) ' )  TEXT 
0036 C 
0 037 IF(TEXT(I:i).EQ.' ' 1  GO TO i ! Test f o r  connent card 
0 038 IF(TEXT(i:2).EQ.'XX1) THEN 
0039 YRITE ( IOUtJ( I ) ' )  TEXT(3: ! 'XX CARD Conrren t 
0040 GO TO 1 ! Wri t ten t o  Un i t  IOU 
0041 ENDIF 
0042 C 
4043 C I d e n t i f y  Input  Data L ine  By L ine  
0044 C 
0 045 READ (TEXT, i O  C C i  ,CCP, ICHO, ISTI  
0046 10 FORMT(BZ,2Ai, i X ,  Ii, 19) 
0047 C 
0 048 I F  (CCi .EQ. 'E' GO TO i ! Test f o r  End Card ( iqnore) 
0049 C 
0050 I F  (CCi.EP.'P1.AND.CC2.EQ.'T') THEN ! Test f o r  PT card 
805i ISTA = 0 
00S2 ICCT = iO0 
0053 GO TO 420 
0054 ENDIF 
0 055 IF(CCi.EQ. 'X ' )  GO TO 1412 
0056 C 
0 057 DO 6 I=i,27 
0058 6 IRT(1) = 0 
0059 C 
0060 C TEST CARD CODES 
006i C 
0062 IF(CCi.EQ.'P1) THEN ! 
0063 IF(CC2.EQ. 'L') 60 TO i 4 i 0  ! 
0064 1F(CC2.EQ.'E1) GO TO i4iO ! 
0065 1F(CC2.EQ.'Q1) W TO 1410 ! 
0066 IF(CC2.Eq.'S1) 60 TO i 4 i 0  ! P l o t  Contro l  
0 067 IF(CC2.EQ.'H1) GO TO i4 iO ! 
0068 IF(CC2.Eq.'R1) GO TO i4 iO ! 
0069 IF(CC2.EQ.'U1) SO TO i 4 i 0  ! 
0 070 1F(CC2.Eq.'H1) GO TO 1410 ! 
0071 - GO TO 450 ! 
0 072 END I F  
0073 C '  
0 074 IF(CCi .EQ. 'C' THEN ! Character is t ic  
007s C 
0 076 IF(CC2.Eq.'R1) GO TO 140 ! Reach 
0077 C 
0070 IF(CC2.Eq.'L1) GO TO 150 ! Lake 
0079 C 
0080 IF(CC2.EQ.'C1) GO TO i6O ! Transfer Point 
008i c 



! F l o w / E l e v  T a b l e  

! B a c k w a t e r  T a b l e  

! B a s i n  E l e v / P c t  h r e a  T a b l e  

! T e f i p / P r e c i p  S t a t i o n  

! G e n e r a l  T a b l e  

! CF T a b l e  ( F a n i l y  o f  C u r v e s )  

! B a s i n  

! B a s i n  C h a r .  F i r s t  C a r d  

! B a s i n  S e c o n d  c a r d  o r  TP-STA list 

! R e a c h  C h a r .  1st o r  2 n d  C a r d  

IF(IC)(O - 2) 6 1 0 ,  7 1 0 ,  4 0 0  I L a k e  C h a r .  1st o r  2 n d  c a r d  

I F ( I C N 0  - 2)  6 2 0 ,  7 3 0 ,  4 0 0  ! T r a n s f e r  p o i n t  1st o r  2 n d  c a r d  
ENDIF 

I F ( C C I . E Q . ' T ' )  GO TO 7 5 0  ! T i n e  C o n t r o l  

I F ( C C I . E Q . ' i ' )  CO TO 7 8 0  ! F i l e  C a l l  

I F ( C C 1  .EQ. '2' 1 GO TO 2 4 0  ! I n i t i a l  C o n d i t i o n  
I N I T I A L  CONDITION ADJUSTMENT OR 

DhILY PRECIP IN USGS FORHAT 
I F ( C C I . E Q . ' 3 ' )  THEN 

IF(CC2.EQ. 'R1)  GO TO 9 2 0  
CC 30 BASIN I C  ADJUST 

IF(CC2.EQ. 'B1)  GO TO 1 3 6 5  
IF(CC2.EQ. 'L ' )  GO TO 9 0 0  
GO TO 1 3 0 0  

ENDIF 

I F ( C C I . E Q . ' 4 ' )  GO TO 2 0 0  ! T e ~ p / P r e c i p  R e a d i n g s  

I F ( C C 1  .EQ. '5') GO TO 1 1 7 0  ! D a i l y  D i s t i b u t i o n  

I F ( C C i . E Q . ' b ' )  GO TO 3 2 0  ! L a k e / R e s .  R e g u l a t i o n  o r  C o n t r o l  P t  . 
GO TO 3 5 0  

I F  (CC2. E q  . '0' ) THEN ! B a s i n  I n i t i a l  C o n d i t i e n s  

I F ( I C N 0  - 1 1 1 3 7 0 ,  4 0 0 ,  8 4 8  ! 1st o r  2 n d  B a s i n  C a r d  
EHDIF 



! Reach I n i t i a l  Conditions 

! Lake I n i t i a l  Conditions 

0134 C 
0135 C 
0 136 IF(CC2.EQ.'R1) GO TO 870 
0137 C ' 

0138 1F(CC2.EQ.'L1) GO TO 901 
0 139 GO TO 408 
0149 C 
0141 C TEHP/PRECIP DATA 
0142 C 
0143 280 IF(CC2.EQ.'P1) GO TO 930 ! Periodic Data 
0144 C 
0 145 IF(CC2.EQ.'E1) GO TO 1061 ! Dai ly  Elevations 
0146 C 
0147 IF(CC2.EQ.'D1) GO TO 1100 ! Dai ly  Helt, Rain, o r  Temp. 
1148 GO TO to60 
0149 c 
1150 C RESERVOIR REGULATION 
0151 C PERIODIC CONTROL 
0152 320 IF(CCZ.EQ.'P1) GO TO 1050 
8153 IF(CC2.EQ. 'S') GO TO 1420 
0154 60 TO 1090 
0155 C 
9156 358 IF(CC1.EQ.'J1) GO TO 1350 ! Job Card 
0157 C 
0158 IF(CC1.EQ.'H1) GO TO 1349 ! Headinq Card 
0 159 GO TO 400 
0160 C EWD OF FILE ON CARD READER. 
0161 390 URITE (100, 392) 
0162 392 FORHAT ( '0 END OF FILE ON INPUT DECK' ,/) 
0163 ICCT = 99 
0164 GO TO 435 
0165 C CARD CANNOT BE IDENTIFIED 
0166 400 READ (CC1,t) IRT(1) 
01 67 READ (CC2,t) IRT(2) 

- 0168 READ (TEXT, 413) IRT(35) 
0169 WRITE (108,410) TEXT 
0170 410 FORHAT (BZ,21H UNIDEWTIFIED CARDttt, A801 
0171 ICCT = 1 
0172 GO TO 420 
1173 412 READ (TEXT,413) XIR(35) 
8174 413 FORMAT (BZ,AI) 
0175' GO TO 420 
0176 C SETUP T/P STA - HAKE ISTA NEGATIVE 
0177 ' 415 ISTA = ISTA 8(-1) 

' 0178 C l t l t  SETUP TO RETURN AND RETLIRN tttt 
0179 420 ICN = ICNO 
0180 DO 430 J * 1, 28 
0181 439 1R(J) = IRT(J) 
0102 435 ICC = ICCT 
0183' C 
9184 IF(  IRTRC) 437, 440, 437 
'0185 437 YRITE(IOM, 438) CC1, CC2, ICHO, ISTA, ICCT 



OiBb 438 FORHAT (B2,13H INCARD TRACE, 2X, 2A1, 12,219 
1187 440 COirrINtlE 
0 188 RETURN 
0189 C 

' 0190 C CONFIGURATION CARD 
8191 C I R (  I) -' IR(6) DWNSTREAH STATION NUHBERS 
0192 450 READ (TEXT, 4601 (IRTtJ), J=l,b) 
9193 460 FORMAT (BZ,13X, b(lX,IP)) 
Oi94 I C C T  = 2 
4 195 GO TO 420 
0196 C FLOU/ELEVATION TABLE 
0197 C X I R (  1) ELEVATION - UETER OR 10 FEET 
0198 C XIR(2) WTFLOW - CUHEC OR 11-CFS 
81W C XIR(3) T I E  OF STORAGE - HOUR IN TENTHS 
0200 C IR(4) STORAGE - 10tt3 CUHET OR AF. 
0201 C IR(S)-IR(8) SAhE AS I-4, NEXT ELEENT 

' 0202 470 READ (TEXT, 480) H, (XIRcJ), J=I,3), IRT(41, (XIR(L),L=5,7),IRT(8) 
0203 480 FORHAT (BZ,14X, I I , I X ,  2(F7.3, F7.1, F6.i, 19)) 
0204 ICCT  = 3 
OZ05 GO TO 426 
0216 C BACKWATER TABLE 
8207 C X I R (  1) OUTFLOU - CUHEC OR 10 CFS 
0208 C XIR(2) ELEVATION - HETER OR 1 0  FEET 
8209 C XIR(3) TIHE OF STORAGE - HOURS 
0210 C XIR(4) ELEV. OR OUTFLOU UNCONVERTED IN F9.3 FORHAT 
9211 C XIR(5) - XIR(8) SA# AS 1-4, 2ND ELEHENT 

' 0212 510 READ (TEXT, 521) (XIR(J1, J a 1,8) 
1213 520 FORHAT (BZ,LbX, z(F7.1, F7.3, Fb.1, F9.3)) 
0214 I C C T  = 4 
8215 60 TO 420 
0216 C ELEVATION US PERCENT AREA BASIN TABLE 
8217 C X I R ( 1 )  ELEVATION KTERS OR 10-FEET (F7.3) 
0218 C XIR(2) PERCENT AREA 
0219 C 3-4, 5-6, 7-8, 9-10, 11-12 ADDITIONAL ELEHENTS 
0220 530 READ (TEXT, 540) (XIRtJ), J=i,i2) 
0221 540 FORMT (BZ,14X, b(F7.3, F3.1)) 
0 222 ICCT = S 
0223 GO TO 420 

' 0224 C TENPERATWRE/PRECIP . STATION CHARACTER I S T I C  
0225 C X I R ( 1 )  BASE TEMPERATURE 
0226 C XIR(2) STATION ELEVATION 
0227 C XIR(3) A I R  T W  . LAPSE RATE-DEGREES F. PER I000 FT. 
0228 550 READ (TEXT, 568)  X I R ( I ) ,  XIR(21, XIR(3) 
0229 560 FORhAT (BZ,14X, F4.1, F7.3, F4.2) 
0239 ICCT = 6 
0231 GO TO 415 

' 0232 C GENERAL CHARACTERISTIC TABLE 
0233 C OR CF CARD FOR FAHILY OF CURVES (ICCT=18) 
0234 C X I R ( 1 )  - XIR(7) ELEHENTS IN  FB. 0 FORHAT 
-023s 570 ICCT = 7 
0236 GO TO 574 
0237 C CF CARD 



0230 572 ICCT = 18 
0239 574 READ (TEXT,S80) (XIR(J),J=i,7) 
0240 580 FORMT (BZti8X, 7FB.B) 
0241 W TO 415 
0242 C CARD NO. f OF CHARACTERISTICS 
0243 C BASIN 
0244 590 I R T (  1) = 1 
0245 ' GO TO 630 
Q246 C REACH 
0247 600 IRT(I1 = 2  
8248 GO TO 630 
1249 C LAKEAESERWIR 
0250 610 I R T ( I )  = 3  
0 251 GO TO 630 
0252 C TRANSFER POINT 
0253 620 I R T ( i )  = 4 
0254 C 
0255 C FORHAT CARD 1 
0256 - C I R ( I )  STATION TYPE 

' 0257 C IR(3) SPECIAL E X I T  
0258 C IR(4) FLOWELEU CODE 
0259 C IR(5) FLOY OUTPUT CODE 
0260 C IR(6) 1C OUTPUT-START 

' 0261 C IR(7) I C  -lST PERIOD 
0262 C IR(8) I C  -1ST DAY 
0263 C IR(9) I C  -END OF TIHE 
0264 C I R ( 1 O ) I C  -ALL PERIODS 
8265 C IR(1i) I C  -bLL DAYS 
0266 C XIR(I2)-XIR(21) STATION DESCRIPTION ! 22 CHNGD TO 21 PAT 
0267 C IR(23) PRAIRIES OPTION ! PAT LANDINE 
0268 630 READ (TEXT,640) IRT(23),(IRT(J), J=3,11), (XIR(L),L=12,22) 
0269 640 FORHAT (BZ,i6X,II,IX, 3 I i ,  i X ,  611, 2X, i iA4)  
0270 - ICCT = 8 
0271 GO TO 420 
0272 C BASIN 2ND CHARACTERISTIC CARD 
0273 C X I R I  1) DRAINAGE AREA - SQ. HILES OR Sq. KH 
0274 C I R  (2) SURFACE PHASES 
0275 C XIR(3) SURFACE TIHE OF STORAGE 
0276 C I R  (4) SUBSURFACE PHASES 
0277 C XIR(5) TS 
0278 C I R  (61 MSEFLOU PHASES 
0279 C XIR(7) TS 

* 0280 C XIR(8) BASEFLOU INFILTRATION INDEX TIHE OF STORAGE 
'0281 C IR(9) PR US. KE TABLE ID, ETI LOSS FUNCTION. 

* 0282 C IR( i0)  SMU CWER DEPLETION TABLE I D  
0283 C I R ( 1 1 )  SHOM COVER OUTPUT TABLE ID  
0284 C IR(12) ETI TABLE I D  
-0285 C IR( i3)  SHI US RUNOFF 
0286 C XIR(14) 011 TIME CV STORAGE (FOR FALLING FLOW 
' 0287 C651 READ (TEXT,bbO) (XIRIJ), J=1,141 
0288 650 READ (TEXT,bbO) XIR(11, IRT(21, XIR(31, IRT(41, XIR(51, 
0 289 f IRT(61, XIR(71, XIR(81, (IRT(J),J=9,13), XIR(14) 



1290 660 FORHAT (BZ,14X,F6.O,II,F4.f,2(Ii,F5.f),~X,FS.1,514,FS.i1 
0291 ICCT = 9 
n292  GO TO 420 
Oa3 C BASIN 3RD CHARACTERISTIC CARD 
0294 C I R (  1) ID-SURFACE TS US. OUTPUT RATE RELATION. 

' 0295  C I R ( 2 )  ID-011 US. BASEFLOY PERCENT OF RUNOFF RELATION. 
11296 c XIR(~) 811 tiaxmun 
0297  C I R  ( 4 1  ID-SURFACE/SUBSURFACE INPUT SPLIT RELATION 
0298 C XIR(S)  RADIATION EXPOSURE RATIO. (RK) AS X.XXX 
n299  C X IR(6 )  MIND EXPOSURE RATIO. (UK) X.XXX 
0300 C XIR(7)  EFFECTIVE FOREST COVER RATIO. (F )  X.XXX 
0 3 0 1  C X IR(8 )  CONSTANT MIND SPEED I N  HPH. (YIND) XXX.X 
0312 C I R ( 9 )  TABLE ID-AIR TEHPERATURE VS. DEU POINT 
0303 C I R (  1 0 )  HELT RATE US. PERCENT SEASONAL RUNOFF 
0304 C X I R ( i 1 )  PERCENT ALLOWABLE ERROR I N  BASIN I C  ADJUSTHENT 
0305  C X IR(12)  HAXIHUH ERROR I N  DISCHARGE I N  I C  ADJUSTHENT 
0306 C XIR (13 )  RAIN FREEZE TEHPERATURE. DEFAULT I S  3s DEGR . 
0307 C XIR(14)  BASE TEHPERATUUE FOR SNOYMELT. DEFAULT I S  40 DEGR. 
0388 C XIR ( I S )  AIR TEHP . LAPSE RATE. NORHAL=3.3/ 1100FEET 
0309 C665 READ ('TEXT, 667)  (X IR(J ) ,  J= i , i 5 )  
1310 bbf READ (TEXT, 667) I R T ( 1 )  , IRT(2)  ,XIR(3),IRT(4),(XIR(J) ,J=S,8), 
0 3 f  1 i I R T ( 9 )  , IRT( iO)  , (X IR(J )  , J = i i , i S )  
0312 6 6 7  FORHAT (BZ, 14X,214,Ff.2,14,3F4.3,F4. i ,214,F3. i t F 7 . i , 2 F 3 .  i ,F3.2)  
0313 ICCT = 1 6  
0314 GO TO 4 2 0  
0 3 f 5  C BASIN TEKP/PRECIP STATION AND TABLE L I S T  
1316' C I R ( 1 )  DATA CODE 
0317  C I R ( 2 )  TP STA. I D  
1318 C X IR(3 )  WEIGHT PERCENT 
0319  C 4-b,7-9,iO-12,13-is, 16-1€l, i 9 - 2 5  SAHE AS 1-3. 
1328 6 7 0  READ ('IEXT, 680)  ( IRT(J ) ,  I R T ( J t i ) ,  X I R ( J t 2 ) )  J= i, 19, 3) 
0 3 2 1  680 FORHAT (BZ,iBX, 7(11, 14, F 3 . 0 ) )  
0 3 2 2  ICCT = 1 0  
0323  GO TO 420 

* 0324 C REACH 2ND CHARACTERISTIC CARD 
032s  C I R (  1) BACKWATER CODE 
0326  C I R ( 2 )  BACKUATER STATION 
0327 C I R ( 3 )  N U M R  OF PHASES 
Q328 C X I R ( 4 )  N FOR Id$*(-N) 
0329  C X IR(5 )  KTS 
0338 b9n READ (TEXT, 700)  ( IRT(J1,  J=i,3), XIR(41, X IR(5 )  

' 0331  7 0 0  FORMAT (BZ,14X, 11, 19, lX) 12, F4.3, F6.2) 
0332  ICCT = 11 
0333 GO TO 4 2 0  
0334  C LCW(E/RESERUOIR 2ND CHARACTERISTIC 
133s C I R  (I) BACKUATER CODE 

0 3 3 6  C I R  ( 2 )  BACKYATER STATION 
1337  C X IR(3 )  ELEVATION UPPER BOUND - HETERS OR IO-FEET 
0338 C XIR(4)ELEVATIWlLOYERMUHD 
0339 C X IR(5 )  SPILLMAY CREST ELEVATION 
0349 C710 READ (TEXT, 720)  ( I R T  (J) ,J=i,S) 
1 3 4 1  710 READ (TEXT, 720)  I R T  ( i ) , IRT(2) , (XIR(J)  ,J=3,5) 



0342 721 FORHAT (BZ,i4X, Ii, 19, i3X, 3F7.3) 
1343 ICCT = i 2  
0344 60 TO 420 
1345 C TRANSFER POINT 2MD CHARACTERISTIC 
1346 C I R ( i I  DOUBTREAH STATION FOR LOCAL CALCULATION 
0347 C IR(2)ADJClCENTSTATIONlAlWBER 
0340 C IR(3) ADJACENT RELATION I D  
0349 C XIR(4)KIGHT-PERCENT 
-13s) C IR(S) OUTFLOW SIGN CONTROL, i HWS REVERSE SIGN. 
1351 C73O READ (TEXT, 740) IRT(S), (IRT(J),J=i,4) 
0352 73ll READ' (TEXT, 740) IRT(51, (IRT(J), J=i,3),XIR(4) 
0353 740 FORHAT (BZ,i4X,Ii,I9,iX,IT, iX, 14, F4. i)  
0354 ICCT = 13 
0355 GO TO 420 
0356 C TIHE CONTROL 
0357 C I R ( I )  START TIME - HOURS I N  TEII'THS FROR YEM I900 
0358 C IR(2) HOURS I N  TENTHS PER PERIOD 
0359 C 3-4, 5-6, 7-8 SAM AS i - 2  
0360 C IR(9I  LAST TINE FIELD, RM END TIHE I F  AU PERIOD CONTROLS USU). 
036i C IR(i0)-IR(i39 IHSTANTAEOUS CONDITION WTPUT TIHES, I N  BASE TIHE. 
0362 ' C XR ( i 4 )  INSTAElTAnEOUS COMDITIOH OUTPUT CODE FOR OUTPUTTIN ALL PER I 
0363 C IR( i5)  RIVER ROUTIN DELETE CODE 
0364 C7S1 READ (TEXT, 760) (IRT(JI, J=2, 3 i  

* 0365 754 READ (TEXT, 760) (IRT(J) ,J=2,25) ,(XIR(J),J=26,29) ,IRT(3I) ,IRT(3i) 
0 U  761 FORMT (BZ,4X, 4(13, 312, 131, 13, 312,C4.1,Ii, i X ,  Ii) 
0367 I = i  
0368 DO 77lt J= 2, 22,s 
0369 C MONTH HUST BE NOH-ZERO 
1371 IF(IRT(Jt2)) 764, 762, 764 
0371 762 IRT(I)=tl 
0 372 CO TO 772 
8373 764 CONTINUE 
4374 CALL BTIHE (IRT(J),IRT(J+i),IRT(J+Z),IRT(J+3), I R T ( 1 ) )  
0375 IRT ( I + i )  = IRT(Jt4) 
0376 770 I = 1 + 2  
0377 C 
0378 772 1 = i d  
1379 ~ 7 ' 1 5 ~ = 2 6 , a  
0381 K = (XIR(JISi0. I +0.5 
1381 ' IF([  ) m , n 4 , n 3  
0382 773 IRT(1) = IRT( i )  + K 
1383 W TO 775 
0384 ?74 IRT(1) = 1 
13s 77s I = I + i  
0386 IRT(i4) = IRT(31) 
1387 IRT(~S) = I R T ( ~ ~ )  
0388 ICCT = 54 
1389 W TO 420 

: 0394 C FILE IODD CAU CARD - COD€ i I N  C0L.i 
039i C I R ( 1 I  TYPICAL RUN TIHE (It4 BASETIMI FOR M E  TRANSLATION FROH FIL 
0392 C IR(2 I  TYPICAL F I L E p T I K  
1393 'C ' IR(3) STATION NO. OF RECORD I N  FILE IODD 



0394 C IR(4) START TIHE OF EXTRACTED RECORD. I F  ZERO, USE T-CARD TIHES. 
0395 C IR(5) END TIHE OF EXTRACTION. 
0396 C IR(6) FORTRAN WIT NO. OF FILE IODD. I F  ZERO, 31 ASSUHED. 

' 0397 C FILED OUTPUT CALL (TO IOT4) CARD - MRD CODE IF, I C C  = 74 
0398 C IR(3) STATION NO. ON FILE IOT4. I F  ZERO, ISTA ASSUHHED. 
0399 C * IR(6) UNIT NUHBER OF INPUT FILE - I F  ZERO, IOT4 ASSUHHED. 
0400 780 READ (TEXT, 790) (IRT(J), J=IB,17),IRT(3), IRT(181, IRT(191, 
0401 1 IRT(201, IRT(2I)) IRT(6) 
0402 790 FORHAT (BZ,13X, 2(iX, 13, 3121, i X ,  I 9  , i X 8  512) 
0403 IF(CC2.EQ.'Ft) GO TO 815 
0404 791 CALL BTIK (IRT(1O),IRT(11),IRT(12) ,IRT(i3), I R T ( i ) )  
0405 CKL BTME (IRT(l4),IRT(15),IRT(1b) ,XRT(I7), IRT(2)) 
0486 I F  (IRT(l8) + IRT(19)) 793,792,793 
0407 792 IRT(4) = ITHE(1) 
0408 GO TO 795 
0409 793 CCKL BTIHE (0, 1, IRT(18)) IRT(191, IRT(4)) 
0410 795 IF(IRT(20) + IRT(21)) 885, 808, 885 
0411 800 IRT(5) = 0 
0412 GO TO 810 
0413 805 CALL BTIHE(248,31,IRT(2B), IRT(2i1, IRT(5) 
0414 810 I C C T  = 55 
04i5 GO TO 420 
0416 815 ICCT = 74 
0417 GO TO 420 
0418 C GENERAL TIHE CONVERSION STATEiiENT 
0419 820 CALL BTIHE (IRT(201, IRT(211, XRT(221, IRT(231, I R T ( 1 ) )  
0420 GO TO (400, 860, 890, 420, 420, 1130, 4201, HA 
0421 C BASIN INITIAL CONDITION 2ND CARD 
0422 C IR(1) TINE 
0423 C IR(2) RECESSION CODE 
0424 C XIR(3)-XIR(1O)PHASE VALUES - CUWC OR 10-CFS 
0425 848 READ (TEXT, 850) (IRT(J1, J=20, 231, IRT(E),(XIR(L), L=3, 10) 
0426 850 FORHAT (BZ,l4X, 13,312, 11, 8F7.1) 
0427 M a 2  
0 428 GO TO 820 
0429 869 IF(ICHO - 3) 863, 864, 865 
0430 863 I C C T  = 57 
0431 GO TO 420 
0432 864 I C C T  = 68 
8433 GO TO 420 
0434 865 I C C T  = 69 
0435 GO TO 420 
8436 C REACH INITIAL CONDITION 
0437 C I R ( 1 )  TIHE 
0438 C IR(2) FLOU/ELEVATION CODE #=FLOU, i =  ELEVATION 
0439 C XIR(3)-XIR(I0) FLOMS ( KCFS) OR ELEVATION (HETERS) 
0440 870 READ (TEXT, 880) (IRT(J), J=20,23), IRT(2)) (XIR(L), L=3,10) 
0441 889 FORHAT (BZ,i4X, 13, 312, 11, 8F7.i) 
0442 HA= 3 
9443 60 TO 820 
0444 890 I C C T  58 
0445 GO TO 420 



0446 C LAKE/RESERVOIR INITIAL CONDITION 
0447 C I R ( I )  TIHE 
0448 C XIR(2) OUTFLOY - CUHEC 
8449 C XIR(3) ELEVATION - HE'TERS 

- 0450 C IR(4) STORAGE - 50i i3 CUHET, AF 
0451 90d ICCT = 59 

' 0452 C SiiALSO USED FOR REACH I C  ADJUSTHENTttS 
0453 915 READ (TEXT, 910) (IRT(J), J=28, 231, XIR(21, XIR(31, I R T ( 4 )  
8454 91d FORMAT (BZ,14X, I3,312,iX, F7.5, F7.3, 19) 

- 0455 M = 4 
0456 GO TO 820 
0457 C REACH I I I T .  CONDITION ADJUSTHEHT 
0458 C I R ( 5 )  TIME 
0459 C XIR(2) WTFLOU CUMEC/iO-CFS 
0460 C XIR(3) ELEVATION HETERS/iO-FEET 

%0461 920 ICCT = 60 
0462 GO TO 905 
0463 C PERIODIC TEHP/PRECIP STATION MT4 
0464 C I R  (1 DATA CODE - POSITIVE=INTERPOLATE, NEGATIVE=NO INTERPOLATE 
0465 C IR(2) TIHE OF READING - .i HOURS 
0466 C XIR(3) DATA I N  F7.3 FORMAT 

'0467 C 4-5, 6-7, 8-9, 11-11 SME AS 2-3 
0468 930 ICCT = 61 
0469 935 ISTA = ISTAU-5) 
1471 C tit ALSO USED BY PERIODIC FLOY CARD FDRHAT t# 
0471 940 READ (TEXT, 950) (IRT(J), J=12,15), X I R ( i ) ,  XIR(16) ,(IRT(L), 
8472 1 IRT(LtI), XIR(Lt2), 1 = 57, 26, 3) 
0473 951 FORHAT (BZ,54X, 13, 312, AI, iX,  F7.3, 4(13, 12, F7.3)) 
1474 HE = 1 
0475 C 
0476 C TEST DATA CODE FOR X OVERPUNCH (Method Changed by LANDINE) 
0477 C 
8478 955 WRITE (XT,'(A4)') X I R ( 1 )  ! Use Text variable f o r  Comparison 
6499 DO I = 1 , 9  

' 0480 fF(XT(1:l) .EQ.CHAR(I+40)) GO TO 1000 
048i ENDPO 
0482 DO I = 74,82 ! Decimal Equiu. o f  J t o  R 
0483 ' IF(XT( l : i )  .EQ.CHAR(I)) GO TO 1 O i O  
0404 EIDW) 

" 0985 IF(XT:i).EQ.'Oi) GO TO 990 
0486 ' ' IF(XT(l:I).NE.' ' 1  GO TO 1022 

' 0487 990 IRT(1) * 0 
0400 CO TO 1620 
OM9 1000 IRT(1 )  = I 
0490 60 TO 1020 
0491 1010 I R T ( 1 )  6 -I + 20 
0492 i020 GO TO (iQB, 1080, ii2.1, R 
0493 C DATA CODE ERROR 
0494 5022 YRITE (100, 1023) 
04% 1023 FORMT (BZ,ibHODATA CODE ERROR) 
0496 ICCT = 1 
0497 GO TO 420 



0498 C CONVERT TIHES TO BASE HOURS 
' 0499 1025 1 = 2 

0510 J = 14 
0501 1030 CALL BTIHE (IRT(121, IRT(131, IRT(141, IRT(15)) I B T ( 1 )  

' 0542 I R T ( I t 1 )  = IRT(J+2) 
' 0503 I F ( 1  - 10) 1040, 424, 420 

1504 1045 I = I + 2 
0505 J = J + 3  
1506 IRT(12) = IRT(J) 

' 0507 IRT(13) = IRT(J+i) 
1508 GO TO 1030 
0509 1040 IF(IRT(J+4)) 1047, 1047, i045 
OS18 1047 IRT(I+2) = 0 
0511 GO TO 420 
0512 C PERIODIC FLOU OR ELEVATION DATA 
8513 C I R ( 1 )  DATA CODE 
0514 C IR(2) TINE OF DATA ELEHEWT 
11515 C XIR(3) FLOU OR'ELNATIOW ELEHENT - SCALED F7.3 
0516 C 4-5, 6-7, 8-9, 11-ii SAME AS 2-3. 
0517 1450 ICCT = 66 
0518 CO TO 941 
0519 C DAILV TEHPIPRECIP STATION ELEVATIONS 
0520 C I R ( 1 )  TIHE 
0521 C IR(2) DATA CODE - NEGATIVE= NO INTERPOLATE 
0522 C XIR(3) - X I R ( I O )  ELEVATIONS - HETERS OR 10-FEET 
0523 1060 ICCT = 62 
0524 ISTA = ISTA $ (-1) 
0525 C S t #  ALSO USED BY DAILY FLOY CARD ttt 
0526 1065 READ (TEXT, 1079) CC2, IRT(171, 
0527 1 (IRT(J), J=59, 231, IRT(I),(XIR(L), L= 3,101 
0528 1070 FORHAT (BZ,iX, 41, I2,9X,Ii,I3, 312, 41, 8F7.3) 
0529 IF(CC2 .EQ. 'D') GO TO 1176 
0530 IF(CC2 .EQ.' ' 1  60 TO 1879 
0531 IF(CC2 .EQ.'I') 60 TO 1079 
0532 IF(CC2 .EQ.'E1) 60 TO 1076 
0533 DO 1074 J = 1,9 
0534 IF(CC2 .EQ.CHAR(Jt48)) GO TO 1078 
0535 i074 CONTINUE 
0536 1076 IRT(I7) = 240 
0537 60 TO 1879 
8538 1078 IRT(17) = IRT(17) + JtiOO 
0539 1079 HB = 2 
0540 C CONVERT DATA CODE TO NMERIC 
0541 GO TO 955 
0542 is80 IRT(2) = I R T ( 1 )  
0543 HA = 5 
0544 C CONVERT TO BASE TIHE 
8545 CO TO 828 
8546 C WILY FLOU/ELEVATION SPECIFIED DATA 
0547 C I R ( 1 )  T I N  
0548 C IR(2) DATA CODE 
0549 C XIR(3) -XIR(II)FLOUS OR ELEVATION SCALED F7.3 (IOOQCFS OR hETERS) 



Of50 C IR(17) HOURS PER READING (SPACING) 
8551 C IR( i9)  NUHBER OF READIMGS ON CARD 
0552 1090 ICCT  = 67 
0 553 GO TO 1865 
0554 C DAILY TP-STI TEHP ./PRECIP/HELT RATE READINGS 
0555 C IR(1)TIHE 
05% C IR(2) DATA CODE - NEGATIVE=NO INTERPOLATE 
8557 C XIR(31-XIRi16)READIHGSSCALEDF4.3 
0558 C IR( i7)  HOURS SPACING OF READINGS, I N  TENTHS OF HOURS. 
0559 C IR(19) HUHBER OF READINGS ON CARD 
0560 1100 READ (TEXT,llIO) IRT(i71, ISTA, (IRT(J) ,J=19,23) ,IRT(i), 
0561 1 (XIR(J), J=3,16) 
0562 i i i O  FORHAT (BZ,4X, 13, 2X, 14, 11, 13, 312, 41, 14F4.31 
8563 tia = 3 
0564 C CONVERT DATA CODE 
0565 CO TO 955 
1566 1i20 M = 6 
0567 C CONVERT TIHE 
0568 IRT(2) = IRT41 )  
0569 GO TO 828 
0570 1130 I C C T  = 63 
0571 GO TO 415 
0572 C DAILY DISTRIBUTION 
om c I R ( 1 )  iST TIHE 
0574 C XIR(2) - XIR(9) 3-HR PERIOD PERCENTS 
0575 C I R ( i 8 )  2ND TIHE 
0576 C X I R ( 1 1 )  - XIR(18) DIST.  
0577 C IR(19) 3RD T I N  
0578 C XIR(20) - XIR(27) DIST. 
0579 1170 READ (TEXT, 1100) (IRT(J) ,J=28,31),ITSWT, (XIR(K),K=2,9),IRT(32), 
0580 1 IRT(331, (XIR(L), L=i i , i8)  ,IRT(34), IRT(35)) (XIR(H1 ,H=20,27) 
058i 1180 FORHAT (BZ,i4X,13,312,11,8F2.8,2(212,8F2.0)) 
IS82 CALL BTIHE (IRT(281, IRT(29) ,IRT(30) ,IRT(3t), I R T ( I ) )  
0 583 IF(IRT(32)) 1200, 1190, 1200 
'0584 1190 I R T ( I 8 )  8 
0585 GO TO 1230 
0586 1200 CALL BTIHE (IRT(281, IRT(321, IRT(331, IRT(311, I R T ( 1 O ) )  
0587 IF(IRT(34)) 1220, 1210, 1220 
8588 1210 IRT(19) = 0 
0589 SO TO I239 
0590 1228 CALL B T I K  (IRT(28)) IRT(341, IRT(351, IRT(311, IRT(19)) 
0591 1238 ICCT = 65 
0592 JRT(28) = ITSWT 
9593 GO TO 415 
0594 C DAILY PREC'IP IN USGS FORHAT- CC 3 
0595 C I R ( 1 )  T I E  
0596 C IR(2) DATA CODE = 3 
0597 C XIRt3) - XIR(i9) PRECIP READINGS. 
Of98 1380 READ (TEXT, 1310) (IRT(J), J=21, 231, ISTA, (XIR(L), L = 3, 19) 
4599 13fa FORMAT (BZ,3X, 312, '13, 17F4.3) 
0600 C ASSUE DAILY READINGS AT b A.H. 
860 1 IRT(20) = 60 



Obb2 CALL BTIHE ( IRT(201,  IRT(211, IRT(221,  IRT(231, I R T ( 1 ) )  
0613 I R T ( 2 )  = 3 
0604  I F ( I R T ( 2 i )  - 1 8 )  1330, 1320, 1330 
0605 1320 X IR(17)  = 0. 
0606  X I R ( i 8 )  = 0. 
0607 XIR(19)  = 0 .  
0608  1330 ICCT = 70  
U609 ISTA = ISTAl r iO 
0616 GO TO 415 
0611  C JOB CARD,CC-JSR, OR HEADING CARD, CC-4 
8612 C I R ( 1 )  JOB NUHBER 
0613 C I R  (2)  DATE I N  I 6  FORHAT 
0614 C I R ( 3 )  IRTRC - TRACE CODE 
Ob i5  C I R ( 4 )  COL 22 OF JOB CD 
8616 C I R ( 5 )  ICPRT- I N I T .  COND. PRINT CONTROL. 
0617  C I R ( b )  IRJOb- RUN UPDATE AND CONFIG CONTROL. 
Obi0 C I R ( 7 )  HEAS - W I T S  OF HEASURE. 
0619  C I R ( 8 )  IPRINT - HOURS PER OUTPUT PRINT L I N E  
8629 C I R ( 9 1  - IR (14 )  COLS 3 9  - 3 5  OF JOB CARD I N  A1  FORhAT 
0 6 2 1  C I R ( 1 S  I - I R ( 2 4 )  J I D  - JOB DESCRIPTION 
0622  C HEADING CARD 
0623 1340 ICCT = 7 2  
0 624 GO TO 1355  
0625  C JSR CARD (JOB) 
0626  1350 ICCT = 98 
0 6 2 7  1355  READ (TEXT, 1360)  ( IRT(J1,  J=1,24) 
0628 1360 FORRAT (BZ,4X,I9,Ib,~X,SI~,I4,2Ii ,2A1,2Il,SX,lOA4) 
0 6 2 9  GO TO 420 
0630 C BASIN I N I T I K  CONDITION FIRST CARD-REVISED FOR SNOU 
0631  C OR CC-30 BASIN I C  ADJUST 
0632  C I R ( 1 )  TIME I N  BASE TIHE 
0633 C I R ( 2 )  ID-RAIN DAILY DISTRIBUTIOW. 

' 0 6 3 4  c X I R ( ~ ) S O I L M I S T U R E I N D E X ~ S H I ~ F ~ . ~  
8635 C X IR(4 )  BASEFLOU INFILTRATION INDEX (011)  F 5 . 2  
0636  C I R ( 5 )  ID-SNOM HELT DAILY DfSTRIBUTION. 
0637 C X IR(6 )  I N I T I A L  SNOY COVERED AREA I N  PERCENT (SCA) F 4 . 1  
0638  C XIR (7) R A I N  ACCUiUlLATED RUNOFF F 5 . 2  INCHES. 
OM9 C ' ' XIR(0)  SNOW ACCUWULATED RUNOFF FS.2 INCHES. 

' 0640 C X IR(9 )  SNOU TOTAL SEASONAL RUNOFF I N  INCHES, F5.2.  
0641  C I R ( 1 0 )  I P A C T U A L  RAIN PATTERN FOR I N I T I A L  CONDITION ADJUSTKNT. 
0 6 4 2  C I R ( i i )  CODE FOR I R ( i 2 1 ,  0 OR 1 = OUTFLOY I N  I R ( I 2 1 ,  2rELEVATION 
0643 C ' X I R ( I 2 )  OBERVR) OUTFLOU (10-CFS, F7.1)  OR ELEVATIONiIO-FEET, F7.3 
1644  C X I R ( I 3 )  I N I T .  K L T  RATE-INCHES PER DEGREE-DAY. 
0645 C I R (  14 )  UNADJUSTED PRINT CODE 
0646  C BASIN I C  ADJ, CC 3000 
0647 1 3 6 5  ICCT = 73 
0 6 4 8  GO TO 1375 

' 8 6 4 9  C BASIN IC, CC 2080 
0650  1370 ICCT = 71 

' 0 6 5 1  C i 3 7 S  READ (TEXT, 1380)(1RT(J),  J=28,23), ( IRT(L),  L= 2,6), XIR(131, 
9652  C 1 IRT( I41 ,  (XIR(J),J=7,i2) 
1653 1375 REID (TEXT, 1380) ( IRT(J ) ,  J=20,23),IRT(2),XIR(3),XIR(4),IRT~S), 



1654 i XIR(b),XIR(13), IRT(141, (XIR(J),J=7,9),18T(iO),IRT(ii), 
. 0 655 2 XIR(i2) 
8656 1380 FORHAT(BZ,i4X,13,312,14,~5.2,14,F4.1,F4.3,3X,1i,3F5.2,14,1i,F7.i~ 
0657 XIR(i3) = XIR(i3) 8 . i  

' i  0658 IF(IRT(1I) - i) 1390, 1390, i385 
' 8659' 1385 XIR(12) = XIR(12)/100. 
0660 1390 HA = 7 
0661 60 TO 820 
0662 C PLOT CONTROL - READ BY PLOTLK 
8663 1410 ICCT = iOB 
0 664 GO TO 412 

' lbb5 C CARD CODE X - TTYPRT CONTROL CARD 
0666 I412 ICCT=iO2 

' 4667 GO TO 435 
0668 C CC-6s PERIODIC REGULATIOW DATA 
0669 C IR(1) B(ISE TIM OF IST READING 
8670 C IR(2) DATA CODE OF IST READING 
8671 C XIR(3) ISTVALUE 
0672 C IR(4)-IR(6) TIHE, DATA CODE, AND VALUE OF WD READING 
1673 C IR(7)-IR(9) TIHE,DC,VALUE OF 3RD 
0674 C IR(i0)-IR(i2) TIHE,bC,VALUE OF 4TH READING 
0675 Ci421 READ (TEXT, 1430) IRT(1S),IRTIib),IRT(i7),IRT~i4l,(IRT(Il,I=l8~34~ 
0676 1420 READ (TEXT, 1430) IRT(~S),IRT(ib),IRT(I7),IRT(I4),IRT(l8),XIR~19~, 
0 677 1 (IRT(I~,IRT(I+i),IRT(I+2),IRT(I+3),XIR(I+4~ ,1=20,34,51 
0670 i430 FORHAT (BZ,14X,13,312,11, F7.3, 3(13,212,11, F7.3)) 
0 679 J = i  
0680 DO i440 I = 15, 30, 5 
0681 CALL BTIHE(IRT(I),IRT(I+I),IRT(I+2) ,IRT(14), IRT(J)) 
0682 IRT(J+i) = IRT(It3) 
1683 IRT(J+2) = IRT(It4) 
0684 i440 J = J+3 
0685 C 
0686 ICCT = 64 
0 687 GO TO 420 
0 680 END 



Append ix  0 

S u b r o u t i n e  CPRINT 

0001  FTN7X,J,E 
0002  SEHA / C i /  
0003 SUBROUTINE CPRINT (I, I U  , ISTA, JUPD, IR,  X IR)  
0004 +, 3 : 3 2  PH UED., 19  JUNE, 1985  (851113.1157)  
0005 C SUBROUTINE TO PRINT CHARACTERISTICS. INPUTS ARE- 
0006 C I - INPUT AS ZERO FOR IN IT IAL IZATION.  USED AS L INE COUNTER 
0007 C BY SUBR. 
0008 C IOU - PRINT F I L E  NUHBER 
0009 C ISTA - STATION I D  - (POS=RIVER STA, NEG= TPSTA OR TABLE) 
0010 C JUPD - DATE LAST UPDATED,AS DDHHW. (TAPE UPDATE PRINT ONLY) 
0 0 1 1  C I R  - C h a r a c t e r i s t i c  Record  ( D i s c  F o r n a t  ) INTEGER 
0012 C XIR - C h a r a c t e r i s t i c  Record  ( D i s c  F o r n a t  ) REAL 
0013 C 
Q 0 i 4  %INCLUDE [ C i  :PL: 121,NOLIST 
00SS C 
0016 REAL XIR(i),XPR(S,b) 
0017 INTEGER NPA (11, IPR(S,b), I R ( 1 )  
0018 INTEGERS2 ELEVEN,ITIHE(S),IYEAR,DAY 
OOi9 C 
0020 CHARACTERS24 NAHE (V 1, HONTHt4 
0 0 2 1  C 
0022  EQUIVALENCE (NP, NPA(1)) 
0023 EQUIVALENCE (IPR (I), XPR( 1) ) 
0024 C 
0025 DATA ELEVEN/i I /  ! DATA FOR EXEC 11 
0 026 DATA NAHE/'SNOU L INE ELEV. ( IOFT) ' , 
0 027 1 'SNOU CVRD AREA ( X I  ' , 
0028 2 'PRECIP. (INCHES) ', 
0 029 3 'AIR T M P .  ( F )  1 ) 

0030 4 'DEU POINT TEIIP. (F) ' , 
0 0 3 1  5 ' ALBEDO ( X I  # , 
0032 6 'INSOLATION (LANGLEYS) ' , 
0 033 7 'WIND SPEED (HpH) I, 

0034 8 'HELT RATE (IN.-DD) '/ 
0035 C 
8 036 HH = 1 
0 037 JD = JUPD 
0038 IP = I 
0 039 I S  = ISTA 
0040 C TEST FOR I H I T I A L I Z A T I O N  
0841  I F ( I P 1  5, 10, 5 
0042 5 I F ( I S )  40, i 2 0 ,  3 5  
1043  10  I F ( I S )  2Q, 100, 1 5  
9044 1 5  I F ( I R ( 4 )  - i) 100, 20, 16 
0045 i b  I F ( I R ( 4 ) -  2 )  100, 520, 1 0 0  
0046 C TP-ST6 OR TABLE 



0047 20 I P  = i 
0 0 4 8  YRITE(IW,3O) 
0049 3 0  FORHAT ( i H i  , i9X ,56H'TEHPERATURE/PRECIP STATION CHARACTERISTIC CHECK 
0050 i PRINTOUT) 
0 0 5 1  WRITE(IW,31) 
0 0 s  2 3 1  FORHAT(26X,SOHFLOU( iOCFS) ELEVATION( i OFEET) STORAGE(ACRE-FEET 
0 053 URITE(IU,32) 
0054  3 2  FORHAT (26X, 33HCF TABLE--FLOW(CFS ELEV( . OiFEET 
0055 Ga TO 59 
0056  C 
0057 3 5  I F ( I R ( 4 ) - I )  120, 40, 3 7  
0858 37 I F ( I R ( 4 )  - 2) 120, 520, 120  
0 0 5 9  C TEST-P AGE FULL 
0060 40  IF(1P-46)  50, 50, 2 0  
O Q 6 i  C TEST - T/P STA OR TABLE 
0062  SO I F ( I R ( 4 ) )  55, 70, 90 
0063 C TEST FOR DIS'TRIBUTION RECORD 
0064  5 5  I F ( I R ( 4 ) + 2 ) 8 8 0 , 8 0 0 ,  6 0  
0 0 6 5  C 
0066  C PRINT TABLE 
0067  6 0  J = I R ( i )  
0 0 6 8  URITE(IW,65) IS,  (XIR(L) ,  L=S,J) 
0069 6 5  FORMAT (iHO, 19, 6H TABLE, 30X, 5 F i S . W  
0 070 i (iX ,8F i5 .5 ) )  
0 0 7 i  I P  = I P  + (J-9)/8 + 3 
0 0 7 2  GO TO 520 
0073 C 
0074  C TEMP/PRECIP STATION 
0075 70  URITE(1Y ,80) IS,XIR(S) ,XIR(b) 
0076  80 FORHAT (iHO, 19, i 2 H  T/P STATION,i7X, i 2 H  BASE TEHP.=, 
0 077 i F 6 . i )  i 2 H  ELEVATION=, F i 0 . 3 )  
0078  I P  = I P  + 2 
0 079 GO TO 5 2 0  
0080 C TIHE-DEPENDENT DATA RECORD 
0081  90  J = I R ( i )  
0 0 8 2  I F  ( I R ( 9 )  .EQ.O) THEN 
0 083 I S T A P i  = I S / i O  
0 1 8 4  ISTAP2 = I S  - I S T A P I  1 I 0  
0085 M I T E  ( IY, ' ( *$', 19, ' . ',I i, ' TIHE DEPENDENT DATA-HOUR ,DAY, ' 
0 086 i 'HONTH,YEAR ,DATA CODE,DATA, ' 20X, ' LENGTH=', 14 )  ' 
0087  2 ISTAPI, ISTAP2, J 
0 088 YRITE( IY, '( ' DATA CODES - 0-FREEFLOU,i-OUTFLOW ,2-ELEV, ' 
0 089  i '3-STOR LEVEL,4-STOR CHANGE I N  TERHS OF FLOY RATE)' 
0090 2 ' 5-ELEV CHANCE/DAY ,6-STOR CHANGE/DAY' ' 
0 0 9 i  I P  = I P  + i 
0092 ELSE 
0093 I1 = IR(9 )  
b 094  YRITE( I Y  , ' '$', 19, ' TIHE DEPENDENT DATA-HOUR ,DAY ,HONTH, ' 
0095 i 'YEAR ,DATA, '3X 'DATA CODE=', 13, 2X, 624, 
0 0 9 6  2 ' LEWCTH=',I4)') I S ,  IR(91,  NAHE(II) ,  J 
0097 ENDIF 
0098 C 



0 099 I P  = I P  t 1 
OiOU I F ( J  - 11) 520, 520, 92 
0 1 0 1  92 IF( IR(2) )  93, 94, 94 
0182 C T TIHE-DEPENDENT DATA RECORD, PRECIP FORH. 
0103 93 K = 2 
0104 GO TO 95 
0105 C REGULATION 
0106 94 K = 3 
0107 95 K i = 5 S K  
0108 DO 105 L = 11, J, K i  
0109 DO 96 K2 = 1,s 
0110 DO 96 K3 = i ,6  
0111 96 IPR(K2,K3) = 0 
0112 C 
0113 K3 = L 
0114 DO 99 K2 = 1, 5 
0115 IF(J-K3) 101,101, 97 
0116 97 CALL CTIHE (IR(K3), IPR(K2,1), IPR(K2,2) ,IPR(K2,3) , I P R ( K 2 , 9 )  
01 17 IPR(Ki?,6) = XR(K3+1) 
0118 IF(K - 3) 99, 98, 99 
0119 98 IPR(Ki?,5) = IR(K3t2) 
0120 99 K3 = K3 t K 
0121 C 
0122 C 100  STMT FOLLOWS 105 
8123 101 IF( IP  - 46) 104, 104, 102 
0124 102 I P  = 0 
0125 104 I P  = I P t 1  
0126 I F  (IR(9).NE.O) GO TO 107 
0127 URITE (IN, 106)( (IPR(K2,K3), K3=1,5), (XPR(K2,6)), K2=1,5) 
0128 106 FORHAT (iX,S(I4,1H-,412,1X,F1L .2 ) )  
0 129 GO TO 105 
0130 107 URITE(IU,108)((IPR(K2,K3) ,K3=1,4),(XPR(K2,6)),K2=1,5) 
0131 108 FORHAT(1X,S(I4,1H-, 312, 3X, F i i . 2 ) )  
0132 105 CONTIHUE 
0 133 GO TO 520 
0134 C 
0135 C 
0136 100 IP = 51 
0 137 YRITE(IU, ' (32X,.RIVER STATION CHARACTERISTIC CHECK PRINTOUT') ' 
0138 C 
1139 C T i m  Stamp by Pat Landine July22/1985 
1140 c 
0 141 CALL EXEC (ELEVEN, I T  ME, IYEAR ) 
0142 CALL ETAD ( ITI tE(5)  ,IYEAR,HONTH,DAY 
0143 URITE (IU,'( '%%%%Time o f  This Run%%%%'/A4,iX,I2', '14,','12t12/) ' 1 
9144 1 HONTH,DAY,IYEAR,ITIHE(4),ITIHE~3) 
0145 C 
0146 URITE(IU,31) 
8147 60 TO (140, 290, 370, 420, 620, 7101, HH 
1148 C 
0149 C TEST - FIRST OF RIVER STA PRINT 
OlSO 120' IF ( IP  - 51) 100, 130, 130 



0151 C TEST - PAGE FULL 
0152 130 IF(IP -96) 140, 140, 100 
8153 C 
0154 C PRINT FIRST LINE OF RIVER STATION 
0155 140 URITE(IU,iSO) 
0156 150 FORHAT( 13H0 STATION) 
1157 HA = IR(2) 
0 158 IF(fiA - 1) 170, 200, i60 
0159 160 IF(HA - 4) 200, 200, 170 
0160 C STATION TYPE CODE NOT RECOGNIZABLE 
0161 170 JPIR(l) 
0162 URITE (IU, 180) IS, (IR(L), L= 1, J) 
0163 180 FORHAT (iX, I9,33H TYPE CODE CAN NOT BE IDENTIFIED./(8X,1DI11)) 
0 164 IP = IP t J/iO t 1 
0 165 GO TO 520 
0166 C 
0167 C TYPE CODE OK, FINISH IST LINE 
1168 200 CALL CTIHE (IR(27), 11, 12, 13, 14) 
0 169 ISTAPi = IS/IO 
0170 ISTAP2 = IS - ISTAPIS10 
0 171 URIT€(IW ,210) ISTAPI, ISTAP2, (XIR(L) ,L=3,i3) 
0172 2iO FORMT(I?,iH.,Ii,iX,11A4) 
0173 C 
0174 C SETUP TABLE LENGTHS AND PRINT PHASES AND FIXED DATA 
0 175 NUR= IR(1) 
0176 NLF = IR(28) 
0 177 HUT = 0 
0 178 NUE = 0 
0179 NUF = 0 
0180 NUB = 0 
0181 IF(HA - 1) 600, 220, 600 
0182 c BASIN 
0183 220 NLE=IR(39) 
0184 NLT = IR(40) 
o ias IF(NLT) 230, 240, 230 
Oi86 230 NUT = NUR - NLT t 1 
0 187 NUR = NUR - NUT 
0188 240 IF(NLE) 250, 260, 250 
0189 250 NUE = NUR - NLE + 1 
0 190 NUR = NUR - NUE 
0191 260 IF(NLF) 265, 267, 265 
0192 265 NYF = NUR - NLF * 1 
0193 C PRINT BASIW FIXED DATA 
0194 267 URITE (IN, 270) XIR(3B) ,IR(31),XIR(32) ,IR(33) ,XIR(34),IR(35), 
B 195 1 XIR(36) ,XIR(37) ,IR(38) ,IR(43) ,IR(44), IR(411, IR(421, 
0 196 2 IR(45),IR(46),IR(52),IR(S3) ,IR(63),lR(64),XIR(69), 
0 197 3 XIR(48),XIR(49),IR(SI),XIR(68), XIR(471, XIR(66)) XIR(611, 
0198 4 (XIR(L), L= 55, 581, XIR(22) ,XIR(23) ,XIR(54) ,XIR(S?), 
0 199 5 XIR(62) ,XIR(67), XIR(651, XIR(6O) 
0200 270 FORHAT ( iOX,'AREA SURFACE SUBSURF BASEFLOU 011-TS P/KE H-Dg 
O2Of fgS R-DS SCDF SCA ETI SHI S/SS DEU S-TS BII RN-AR HL-AR 
0202 2'SRO HR-F'/ F1S.0,13,F6.1,2(12,F7.i),F7.1,1115,3F7.2,15/ 



9203 3' K-RAD K-WIND FOREST UIND IC-ADJ-X,QHAX FREEZ BASE LAPSE," 
0204 4 F14.1, F10.2, F20.2, F19.3/ F8.3, 2F7.3, F6.1, F7.1, F9.0, 3FS.1, 
0205 ' 5' SCR=', Fb. 3, ISX, 'MX BII=', F7.2, 9X,'tlRR=', F6 .3) 
0206 C 
0207 WRITE (IW,'(/'Prairies Option = ' i2 / ) ' )  IR(13) ! LANDINE NOV 8 85 
0208 I P  = IP+6 
0209 NL = 2 + NUT/8 
0210 IF( IP  + NL - 96) 290, 290, 280 
0211 C HEAD N E W  SHEET 
0212 280 HH = 2 
0213 GO TO 100 
8214 290 J = NLT + NUT - i 
0215 WRITE ( I W ,  309) (IR(Li,lR(L+1),XIR(L+Z), L=NLT, J,3) 
0216 300 FORHAT ( ibX, 8(13H DC HSTA UGT)/ 17H HYDROWT STAS, 
0217 t 8( 13, IS, F5.O)) 
0218 330 I P  = I P  + NL 
0219 C 
0220 C PRINT BASIN PHASE VALUES 
0221 NS = 69 + IR(31) 
0222 NSS = NS + 1 
0223 NSSE = NS + IR(33) 
0224 NB = NSSEt1 
0 225 NBE = NSSE t IR(35) 
0226 WRITE ( I W ,  340) (XIR(L1, L= 70, NS) 
0227 349 FORHAT (22H SURFACE PHASES , 11F9.1) 
0228 URITE ( I N ,  350) (XIR(L), L= NSS, NSSE) 
0229 350 FORHAT (22H SUBSURFACE PHASES, i i F 9 . 1  I 
0230 URITE ( I Y ,  360) (XIR(L), L = NB, NBE) 
0231 368 FORHAT ( Z H  BASEFLOU PHASES , 1iF9.1) 
0232 I P  = 1P + 3 
0233 C 
0234 C PRINT ELEVATION US. PERCENT AREA ARRAY 
-023s IF(MUE) 362, 400, 362 
0236 362 NL = NUE / 8 
0 237 IF(  I P  + NL - 96) 370, 370, 365 

' 0238 365 HH = 3 
0239' GO TO 100 
0240 370 NUE = NLE + NUE - t 

* 9241 M I T E  ( I Y ,  380) NLE, (XIR(L), XIR(L+1) ,L=NLE,NWE, 2) 
0242 389 FORMAT (23H ELEVATION/PCT AREA, IS, 3X, b(F10.3, FS.i)/ 

- 0243 i (IX,F10.3,FS.~,Fi0.3,F5.i,Fi0.3,FS.i,Fi0.3,FS.i,Fi0.3, FS.1, 
0244 2 Fi0.3, S.1, F10.3, 6.1, F10.3, F5.1)) 

- 0245 '1P IP  + ML 
1246 C 
8247 C 
0248 C COWMI ROUTINE TO PRINT FLOU VS ELEVATION ThBLE AND RETURN 
9249 400 ,IF( NUF 401, 520, 441 
0250 401 NU =IR(29) 
0251 IF(WY1 405, 402, 485 
0252 402 NV = 4 
9253 405 WL =(M/ HY) / 3 
0254 IF( IP  + NL - 96) 420, 429, 410 



0255 418 H H = 4  
0 256 GO TO 100 
0257 420 IF(NW - 4) 440, 448, 438 
0258 430 NU = 4 
0259 440 URITE ( I Y ,  451) 
0260 450 FORtlAT(70HB ELEVATION/FLOU TABLE-E( IOFEET) , Q( IOCFS) , TS(H0URS) 
0261 1, S(ACRE-FEET)) 
0 262 WRITE (IU,451 
0263 451 FOR~AT(3X,3(iHE,IZX,iHQ,9X,2HTS,6X,fHS,8X)~ 
0264 NUF = NLF + NUF - 1 
0265 IF(NU - 3) 460, 480, 500 
0266 460 WRITE(IU,470) (XIR(L+I),XIR(L) ,L=NLF,NUF,2) 
0267 470 FORtlAT(31F9.3,Fi3.1,18X)) 
0 268 GO TO 515 
0269 480 WRI'TE(IU,490) (XIR(Lt1) ,XIR(L) ,XIR(L+2) ,L=NLF,NUF,3) 
0270 490 FORHAT(3(F9.3,Fi3. 1,F8.i , lox) )  
0271 GO TO 515 
U272 500 WRITE(1U ,Sf 0 )  (XIR(L+i ,XIR(L) ,XIR(L+2) ,IR(L+3) ,L=NLF,NWF,4) 
8273 '510 FORMT(3(F9.3,Fi3.i,F8.i,110)) 
0274 515 I P  = IP + NL + i 
om c 
0276 C RETURN 
0277 520 CONTINUE 
0278 I = I P  
0279 RETURN 
0280 C 
0281 C REMH - PRINT FIXED DATA AND PHASES 
0282 600 NUT = IR(42) 
0283 NL=2SNUT/i3 + 3 
0284 IF ( IP  + NL - 96) 620, 629, 610 
0285 610 H H = 5  
8 286 GO TO 100 
0287 620 J = NUT + 69 
0288 K = IR(42) - 1 
0289 WRITE (IN, 630) XIR(401, XIR(411, K ,(XIR(L),L= 70, J )  
0290 630 FORWAT ( 7H W=, F6.3, 5H KTS=, F8.2, 8H PHASES=, 13, W, 
0291 1 9F7. 1/(3X, 13F9.i)) 
0292 C PRINT PHASE ELEVATIONS 
0 293 NUT = J + NUT 
0294 J = J + i  
0 29s URITE (XU, 635) (XIR(L1, L = J, NUT) 
0276 635 FORHAT (3X, 13F9.3) 
0297 IP = IP  + NL 
0298 60 TO 730 
0299 C 
0300 C SETUP TO PRINT BACKYATER AND FLOU/ELEV TABLES - REACH OR LAKE 
0301 640 NLB= IR(32) 
0302 IF(NLB) 650, b b l ,  650 
0303 650 MUB = rmR - NLB t i 
0304 NUR = NYR - NUB 
0305 660 IF(NLF1 670, 680, 670 
03Q6 670 NUF N U  - NLF + i 



0307 C 
0300 C PRINT BACKUA'TER - REACH OR LAKE 
0309 680 IF(NWB1 690, 400, 690 
0310 690 NL = NWB/12 + 1 
0311 IF(IP+ NL - 96) 710, 710, 700 
0312 708 MH = 6 
0313- GO TO to0 
0314 7iO NUB = NUB + HLB - 1 
0315 MITE (IU, 720) NLB, IR(311, IR(301, (XIR(L1, L= NLB, NUB) 
1316 720 FORHAT (14H BMUUATER, 16, 1iHCOMTRL STA=, 110, bH PARA=, 12, 
0317 1 i W  e,Ei,E2= ,Fi4.1,  
0318 1 F9.3, F9.3, F14. i,F9.3, F9.3/(Fi4.i,F9.3, F9.3, 
03i9 2Fi4.i,F9.3, F9.3,Fi4. i ,F9.3, F9.3,Fi4.1,2F9.3)) 
0320 I P  = I P  + NL 
0321 GO TO 400 
0322 C 
0323 C LAKE/RESERUOIR 
0324 730 URITE (IN, 740) XIR(331, XIR(341, XIR(S3) 
0325 740 FORfiAT (ibH UPPER LEU=, F9.3,13H LOWER ELEV=, F9.3, 
1326 1 29H SP:[LLYE\Y CREST ELEVATION =, F9.3) 
0327 I P  = IF + 3 
0328 C 
0329 C TRANSFER POINT (GAGE) 
8330 7S4 IF(HLF) 760, 770, 760 
0331 760 NUF = NUR - NLF + i 
0332 779 URITE (lU, 789) (IR(L) ,L=43,46) ,XIR(47) 
0333 781 FORHAT (43H TRANSFER POINT, DOWNSTREAH STATION I S  , 11, 19, 
0334 114H ADJACENT STA-, I9,iOH RELATION-, 14, BH #EIGHT=, F5.1) 
0 335 I P  = I P  + 3 
8336 GO TO 640 
0337 C 
0338 C DISTRIBUTION RECORD 
I339 800 J = I R ( I )  
0340 K = 5 
0341 MITE ( IU,  810) IS, J 
0342 810 FORHAT (iHO, 19, 63H DAILY DISTRIBUTION-PERIOD 1 2 3 4 
0343 1 5  6 7 8, iOX, 7HLENG'rH=,I4) 
0344 8 i5  CALL CTIME ( I R ( K ) ,  IPR(I,1),IPR(2,1),IPR(3,1),IPR(4,i)) 
0345 L = K+8 
0346 K = K t 1  
9347 YRI'TE(IU,820) ( I P R ( K i , I ) ,  Ki=i,4), (XIR(K11, KI=K,L) 
4340 820 FORtlAT ( 15, 1H , 13, iH/, 12, iH/, I2,10X, 8F5.0) 
0 349 K = K + 0  
1351 IF(K - J) 8t5, 838, 830 
0351 030 IF  = I P  + (J-4)/9 + 2 
8352' GO TO 520 

* 0353 C RE'TURH I S  AT STA'TEHENT 520 
0354 END 
0355 C 
0356 CSSSStStSSSSS#StSSSSSSStStStSSSSSSSSSS&&&&&&&&&&~ 
0357 C 
8358 C S u b r o u t i n e  t o  p r o v i d e  h a n i n p f u l  d a t e  stamp f @ r  output  



0359 c 
0360 SUBROUTINE ETAD (DOYEAR ,Y EAR ,m)NTH,DCIY 1 
Q361 C 
0362 C Conver t  Day o f  Year t o  Da te  
0363 C 
0 364 IHPLICIT  NONE 
0365 C 
0366 INTEGERS2 YEAR ,DAY ,HON( 12)  ,K,DOYEAR 
0367 C 
0368 CMRACTERU H0 ( 12  1, HONTHS4 
0369 C 
0370 DATA HON/35,28,3i,30,31,30,3i,31,30,3i,30,31/ 
8371 DATA ttQ/'Jan. ', 'Feb. ','Hat-. ,'Apr. ' , 'Hay ','June', 

- 0372 1 'July', 'Aug .','Sep. ','Oct .','Nou .','Dee. '/ 
' 0373 C 

' 8374 IF(HOD(YEAR,4) .EQ.O) tiOH(2) = 29 
0375 C 
0376 DAY = 0 
0377 DO 30 K=1,i2 
0 378  DOYEAR = DOYEAR - HON(K1 
0379 IF(DOYEAR.LT.5) GO TO 40 
0380 30 CONTINUE 
0381 C 
0382 40 DAY = WYEAR t HOH(K) 
0383 HONTH = ti0 t K 1 
0384 HOW(2) = 28 
0385 RETURH 
0 386 END 



Appendix C 

Sub rou t i ne  BASIHE 

0001 FTN7X,J,E 
0002 $ E M  /C i /  
0003 SUBROUTINE B A S I K  
0004 +,1 i :17 AH WED., 27 FEB., 1905 (051126.0950) 
0005 C BASIN M I N  PROGRAtl TO PROCESS BASIN STATIONS I N  ENGLISH UNITS OF HE 
0006 C 1. DIGESTS TIHE-DEPENDENT HETEOROLOGICAL DATA. 
0807 C 2. ROUTES INPUTS THRU BASEFLOU, SUBSURFACE, AND SURFACE 
0008 C PHASES. 
0009 C 3. PRINTS (ON F I L E  IOU) THE RESULTING VALUES. 
0010 C 
0011 c Re-organized t o  use B lock  I f  l o g i c  
0012 c by:  
0013 c P a t  Land ine  
OOi4 c D i v i s i o n  o f  Hydro logy  
0015 c U n i v e r s i t y  o f  Saskatcheuan 
0016 c 
0017 IHPLICIT  NOHE ! P a t  Land ine  J u l y  29  1985 
OD18 c 
0819 C 
0021 SIMCLllDE t C i  : PL : i 2 i  ,NOLIST 
8121 $INCLUDE INF : PL: 12I ,NOLIST ! P a t  Land ine  Aug. 1985 
0022 SINCLUDE EBASIN: PL: 121  ,NOLIST 
8025 SIHCLUDE t AREA1 : PL: i 2 1  ,NOLIST 
0024 $INCLUDE t AREA2:PL: 121 ,NOLIST 
0025 C 

' 0026 REAL TEHP(5) ,TELEV(S) ,XS(I),XNPA(i),ERRTS(3), TSnSG(31, 
0027 1 OPTIOH(2D) ,OPTSCA(131, 
0 020 2 EFAREA,PARA ,RATIO,RDTSnI ,SCAL,SLOPE,SSSRO,WEL, SUEQ, 
0029 3 TEttPA,TEHPB,TPAR ,THETAP 
0030 C 
0031 INTEGER NPA (1 1 , IHEAD, IOPTA, IOPTDC, IOPTHI , IOPTHO ,IWTHR, 
0032 i IOPTSB, IOPTTB, JT,Ki 
0033 C 
0034 C DCA(1,J) ARRAY- I I S  DATA CODE 
8035 C J=i W O f  UEICHTED VALUES FRM ALL HYDRORET 

-0036 C STATIONS FOR THIS PERIOD. 
0937 C J=2 COUNT OF CONTRIBUTING STATIONS. 
0038 C 
0 039 EQUIVALENCE (NPA(l1, XNPA(11, #PI 
0040 EWIUALEWCE (Ist i), XS( i )  
O04f C 
1042 DATA OQTJW' i lELT INDEX, THERNAL BDC,SNOY' , 

- 8043 ' 1  ' ' BAWD, M P L .  CURVE,KLT ANDRAIN, MELT ONLY, '/ 
a OQ44 DATA OPTSCM', RUNOFF FROH SNOY COVERED A', 

1045 1 'REA OWLY(SPL1T BASIN) * /  
' 0046 DATA IOPTHI, IWTTB)  IOPTSB, IOPTDC/I, 4, 7, 10/ 



0047 DATA IOPTW, IOPTMR/17,13/ 
0048 DATA TSMSG/' - HO + '/ 
0049 C 
0150 IHEAD = ICL22 ! C o r r e c t  f o r  Connon B l o c k  I n c o n s i s t e n c y  
0051 ilIXS*D 
0 052 I F  (HEAS. EQ . 3 )  tlIXSU=3 
8053 IF(II1XSW. EQ.3) RAS=O 
0154 C 
0055 C SETUP RUN TIHE HEADING 
8056 DEIT(1) = ABL 
8 057 DAT (2) = ABL 
0 058 CALL CTIME ( ITHE( i ) ,  JHR, JDA, JHO, JYR) 
0059 . JYR = 1900 + JYR 
0 164 CALL ALWTH (JHO, AHO(i1) 
8061 C RESET TO 1ST STATION 
0062 I P  = 1 
' 0 063 SUF = 0 .  
0064 C TEST FOR BASIN 
1865 c 
0066 180 K = Z X W P + S P  
0067 IF ( ICS(K1 .NE. 1) GO TO 110 
0068 C TEST - OUTFLOYS SPECIFIED FOR THIS STATION. 
0 169 CALL DICTG (ICS(IP1, 1, K ,  I S ( 1 1 1  
0070 IF (K  .NE. 0 )  GO TO i i O  
0071  MU DICTG (ICS(IP1, Q, IAD, I S ( 1 ) )  
0 072 GO TO 20B 
0973 C BASIN CMPLETED 
0074 105 S U F =  I .  
0075 C 

. 0076 M I T E  (IOY,'('b")') ! ! BASIN DELIHITER 
8877 C 
0878 110 I F ( I P  .GE. NP) GO TO 130 
9 079 I P  = I P  + 1 
0080 GO TO 100 
0181 C 

' 0082 125  IERROR = 60 + IERROR 
0083 URSTE (IOU, 126)  ICS(IP1, NTD, (IS(JI, J = 1,701, (ITP(J),J=1,60) 
0084 126  FORHCLT ( 7 H i  BASIN, l iO , i 2H  ERROR, N I B ,  I5 /13H CHAR. RECORD/ 
0 085 1 7( 10121/), 
0 086 2 10H ITP  ARRAY/ 6(1BI1i/)/ 'REAL XS ARRAY "1 
0187 YRITE (IOU, $1 (XS(J), J = 1,701 
0088 C 
0089 C RUN COHPLETE - ALL BASINS DOE. 
1190 130 CONTINUE 
0091 536 YRITE(IOU, 140) 
1092 i 4 1  FORHAT ( I H i )  
0093 RETURN 
0094 C 
OOPS C 
0096 C BCISIW FOUND - SETUP FOR PROCESSING 
0097 2 1 1  NTD n LODE + 2 
0 098 REMIND 61 !! U n i t  15 changed t o  61 



RESET I N I T I A L  COND. ADJUSTKNT PROCEDURE 

SUIC = 0. ! M j u s t r r e n t  I t e r a t i o n  C o n t r o l  S w i t c h  

ICATS = 0 ! T i f i e  S h i f t  Ad jus tment  

SUICC = 0. ! U n a d j u s t e d  F l o w  P r i n t  S w i t c h  

PR-OPTN = I S ( 1 3 )  ! P r a i r i e s  O p t i o n  ( P a t  L a n d i n e )  
- .  

ISUU = I S ( 1 4 )  ! U n a d j u s t e d  B a s i n  R e s u l t s  P r i n t  S w i t c h  

PICA 1. ! R a i n  and Snow Uo lune  A d j u s t n e n t  

ITOSHF = 0 ! R a i n  T i ~ e  S h i f t  

SUI =O.  ! Reset  I n p u t  Swi tch ,  No Input-No Process  

SUS = 1. ! S e t  S w i t c h  SUS t o  Ra in -Bas in  
ISTAP1 = I C S [ I P ) / I O  
ISTAP2 = I C S I I P )  - ISTc\PI$iO 

RESET TD INPUT TIHE-DEPENDENT DATA AND RELATIONS FROH IODT. 
DATA FOR THIS STATION IS STORED IN connoN BEHIND DICTIONARY 

I = I S I 4 ) )  
J = i  
I E  = I S ( 1 )  - 3 

I F (  I .EP. 0)  THEN ! No P r e c i p  S t a t i o n s  L i s t e d  
SUI = 1. ! P r o c e s s  B a s i n  U i  t h  n o  I n p u t  

ELSE 
THERE ARE T/P STATIONS LISTED. 

ISTA =-IS( It1 
I T P  ARRAY-THREE WORDS PER HYDROHET STATION, 
I T P ( J )  SCAN INDEX 
I T P ( J t 1 )  INDEX TO NPA OF LOCATION OF HYDROHET RECORD. 
I T P ( J i 2 )  INDEX TO HPA OF LOCATION OF TEHPEREITURE STATION 
CHARACTERISTIC RECORD WHICH COHTRINS STATION ELEVATION. 

I T P [ J )  * ii 
IDC = I S ( 1 )  

CALL DICTG (ISTA, IDC, 14, MPA(NTD)) 
I F ( I A  .EQ. 0) THEN 

(1) I S  ADDR I N  RECORD OF T/P ENTRY. (J) I S  ADDR 
I N  ITP-ARRAY CORRESPONDING TO I. 

I T P ( J + l )  = 0 
ELSE 

ITP(J+2)  = 0 
I ' rP (J+ i )  = NTD 
SET CUT-IN ARRAY CODE TO ZERO. PROBABLY REDWDANT INSTRUCTION. 

NPA(NTD+4)=0 
S U I = i .  



0151 IF  ( IDC. NE .3 )  THEN 
0152 C SNOY DATA, SET SNOW SNITCH ON. 
0 153 SWSoO. 
0154 C LOOK FOR HYDROET STATION CHARACTERISTIC RECORD 
0155 I D C = O  
Of56 NTQ=NTDtNPA(WTD) 
0 157 CALL DICTG (ISTA,IDC,IA,NPA(NTDI) 
0 158 IF(IA.EQ.0) GO TO 258 
0 1S9 I T P  ( JtZ) =NTD 

- 0160 ENDXF 
8161 NTD NTD t NPA(NTDI 
0162 258 IF  (NTD . GT . ICLGT I THEN 
0 163 IERROR = 1 
0 164 GO TO 125 
0 165 END I F  
Oibb ENDIF 
0167 C TEST - LAST OF T/P STA 
Oib8 IF(1  .LT. IE) THEN 
0169 I = I t 3  
0170 J = J t 3  
0 171 GO TO 210 
0172 ELSE 
0173 C TEST - ANY INPUT. 
6 174 IF(SYI.EQ.0) CO TO fiO 
0 175 ENDIF 
0176 ENDIF 
0177 C 
0178 C TIHE-PEP . DATA FOR T/P STA LOADED. 
0179 C WOW LOAD RELATIONS 
0180 I D C  = -1 
018i HA = 0 
0182 C 
0 183 J = IS(3B) ! 
1184 GO TO 338 ! PR us KE, ETI Loss 
0585 290 IRKE = J ! 
0586 C 
0187 J = IS(45) ! 
0188 GO TO 330 ! Snow Cover Depletion 
0109 300 IRSD = J ! 
4i9O C 
0195 J = IS(43) ! 
0192 IDC = -2 ! 
0193 GO TO 330 ! Daily Snow Rlt Dist ibut ion 
8594 302 IRSDI = J ! 
0195 C 
0196 J = IS(44) ! 
0 197 60 TO 330 ! Daily Rain Distr ibut ion 
Of98 304 IRRDI J ! 
9199 C 
0200 J = IS(45) ! 
0291 I D C  = -1 I 
0202 60 TO 331 ! ETI 



0213 306 IRETI = J ! 
0204 C 
0205 J = IS(46) ! 
0206 GO TO 330 ! SHI us Runoff 
0207 308 IRSHI = J ! 
0288 C 
4209 J = IS(52) ! 
02f 4 GO TO 330 ! Surface/Subsurface s p l i t  re la t ion 
1211 310 IRSPS = J ! 
0212 C 
0213 J = IS(53) ! 
0214 60 TO 330 ! Air Tenp. os Deu Point 
02iS 312 IRDEW = J ! 
02i6 C 
02i7 J = IS(b3) ! 
0218 60 TO 330 ! O u t f l o w  us Surface T i ~ e  of Storage 
0219 314 IRTS = J ! 
0220 C 
0221 J = IS(64) ! 
4222 GO TO 330 ! Baseflow us 011 
0223 316 IRBF = J ! 
0224 C 
0 2% J = IS(5 i )  ! 
0226 GO TO 330 ! Season Runoff us Snow Helt Rate 
0227 318 IRHLT = J ! 
0228 GO TO 390 
0229 C COMHON ROUTINE TO EXTRACT RELATIONS FROM FILE IODT. 
4230 c 
0232 330 IF(  J .HE. 0 )  THEN 
1232 J = -IABS(J) 
0 233 CALL DICTG ( J, IDC, I A ,  NPA(NTD) 
8234 IF( I A .  EB. 0 THEN 
0 235 J = O  ! Relation Can't be found , or not required 
0236 ELSE 
0 237 J = NTD ! Relation Loaded 
0238 NTD = NTD + NPAMTD) 
0239 IF(NTD . GT . ICLGT THEN 
0244 IERROR = 2 
8241 GO TO 125 
4242 EHDIF 
0243 ENDIF 
0244 EMDIF 
0245 C RETURN FOR NEXT SEARCH 
4246 M = t M + i  
0247 GO TO (298, 300, 302, 304, 306, 308, 3 0 ,  312, 314, 316, 318)) HA 
4248 C END OF COHHON EXTRACT ROUTINE 

,0249 C SET TIHE SHIFT SWITCH 
0251 390 I F  ( I R R D I  .NE. 0 )  THEN 
0251 ITSUT = NPA(IRRDIt2) 
1252 ELSE 
0253 ITSYT = 0 
0254 EMIF 



0255 C INITIALIZE BASIN PROCESS 
1256 C 
0 257 I F  (XS(2P).NE.8.) THEN 
0258 , I F  (ISYU.EQ.0) THEN 
0259 C SETUP I C  ADJUSTfiENT AND TOLERANCE (TEST, I N  IOCFS) 
R261 SUIC = 1. 
0261 ENDIF 
0262 - H I M  = 4 
0263 C PRESET PREVIOUS ITERATION RESULT TO OBSERVED UKUE. 
0264 PPREU = XS(20) 
0265 TEST = XS(23) 
0266 IF(XS(22) .EQ. 0.) THEN 
8267 IF(XS(23) .EQ. 0 . )  THEN 
0268 TEST = XS(2O) t . i  
0269 ENDIF 
0270 ELSE 
0271 IF(XS(23) .EQ. 0 . )  TEST = 999999. 
0272 IF(XS(2O)S(XS(22)/iOO. .LE. TEST) THEN 
0273 TEST = XS(2O)tXS{22)/100. 
1274 EMDIF 
0 275 END I F  
4276 ELSE 
0277 C NO I C  fiDJ 
0278 SUIC = 0. 
0279 ENDIF 
0288 C RESET IST PERIOD SNITCH (1ST PER OF STATION PROCESS) 
0281 410 SUPF = 0. 
0282 C RESET 1ST DAY SU. 
0283 SUM= 0. 
0284 C SET DAY-STfiRT TIHE ,AND HONTH 
0 285 IDAY = I T M ( 1 )  
0 286 I T 0  = ITHE(1) 
0287 NRTME = i 
0288 C CALC . IN IT IAL  BASIM DISCHfiRGE . 
0289 J = I S ( 3 i )  + 69  
9290 QSR = XS(J) 
8291 BIN = XSt70) t XS(J+i) 
0 292 J = J + IS(33) 
0293 QSSR = XS(J) 
0294 BIN = QINtXSt J t i  
0295 J = J + IS(3S) 
0296 QBR = XS(J) 
8297 @I t OSR + QSSR + QeR 
0298 QWT = QO 
0299 C 
0300 C SETUP 011 CONTROLS 
0301 C SUB11 = i FOR R I S I E  Q,=-1 FOR FALLING Q, 1 0  I F  NO FALL BI ITS 
0302 C B I ITS  I S  TS RELATED TO SUB11 (XS(37) 011 XS(S0)) 
0303 C RISE OR FALL I S  DETERHINED FROH ROUTING PHfiSE VALUES. 

:0304 C 
0305 IF(XS(S1) .EQ. 0) THEN 
0306 SUB11 = 0. 



BI ITS  = XS(37) 
ELSE 

SET SYITCH TO RISING FOR 1ST PERIOD. 
SUB11 = 1. 

I F  FALLING 8, REVERSE SWITCH 
IF(qIH.LT.qMIT) SYBII=-1. 

END I F  
SETUP BASIN OUTFLOU RECORD. 

IRBOF = NTD 
NPA(1RBOF) = 5 +  HTI 
N T ~  = NTD + NPA(IRB0F) 
IF(#rD .GT. ICLGT) THEN 

IERROR = 3 
GO TO 125 

ENDIF 
NPA(IRBaFt1) = ICS(1P) 
WPA(IRBI#+Z) = JDITE 
NPI(IRBOF+3) = 2 
XNPA(IRBOF+4) = gOUT 
NRBOF = IRBOF + 5 

RESET TABLE-SCAN INDEXES FOR TIHE-DEP DATA 

NRTS = 0 % NRRDI = 0 % NRETI = 0 % HRSHI = 0 
NRSPS = 0 % NRBF = 0 $ IRSCA=8 $ WP = 0 .  
NRKE = 0 % ROP = 0 .  % 011 = XS(b6) % BFP = I. 
RCP = 0.  $ XKE = 0 .  $ PSN = 0. $ SNOU = 0 .  
SNRAD = 0. $ SNCC = 0 .  % SNF = 0 .  S PAR = O .  
SCA = XS(60) 
I F  (SCCI.LT.0.) SCI = 0 .  
I F  (SCA.GT.IOO.0) SCA = 99.9 
SHLT = XS(6i)  
RAIAR=XS(b9) 
S M  = 0 .  3 SRI = 0 .  $ E = 0 .  % DD = 0 .  % FIREAH = 0 

I N I T I L  IZE  OTHERS VARIABLES 

SET I .C. DSHI DHMY BASIN/SNIMX CONCEPT 
SMIMX NO INPUT ASSUR NO LIMIT 



I f  P r a i r i e s  o p t i o n  I n i t i a l i z e  INF. V a r i a b l e s  

IF(PR-0PTN.EQ. 1) THEN ! Pat  Land ine Sep. 20 85 
MXSUE = XS(48)' 
THETAP = XS(47)/SWIHAX ! SWI = XS(47) 
TOTIW = (S.X(1.-THETAP)t(HAXSWEt25.4)tt0.584)/25.4 
I F  (TOTINF . GT . HAXSUE) TOTINF = MXSYE 
THRESHOtD * TOTIHF/(240 ./ITHE(NRTHE+i) $6.  ) ! I n f  . Thresheld 

! = b days 
SPRING = .FALSE. ! Not Sp r ing  Yet  
SUHINF = 0.0  ! CIccunulated I n f .  

ENDIF 

PLUS IS THE SURPLUS OF snI OVER snInAx 
PLUS=@. 0 

RESET TEW SThTIOH DATCI FOR LAPSE RCITE COHPUTATION 
FOR NEW WA'TERSHED 

RESET SWITCH TO HEAD IST PAGE. 

SUA = 0 .  $ I = JHR $ K = JDA $ K2 = JtlO 
K3 = JVR $ :[PAGE = 0 S HNTHN = Jtla $ N = I 

DETERHIWE :IF SNOY, OR RAIN BASIN. INIT IALIZE SNOY. 
AVOID ERROR ON DEVIDE CHECK I F  SNOW BASIN 

IF(SYS .EQ. 0 )  THEN 
TEST FOR ARE& US. ELEVATION CURVE. 

AWD SEASON RUNOFF SPECIFIED 
ZF(IS(39).NE.D .AND. IRSD.NE.0 .AND. XS(49).NE.O) THEN 

MO=XS(48) 
I F  J CMD HAS 1 I N  COL.35, USE RAINtHELT FOR ARO. 

I F (  ICL30(6) .Eq. 1) ARO=ARO+XS(b9) 

INSURE M A T  M O  DOES NOT EXCEED SEASONAL RUHOFF. 
CODE 2 OH C01i  CARD = SNVOL OPTION FOR PLAIN MEA 
S I  OR XS(49) FOR HIN U.E. FOR 100% SWOU COVER CALLED NORHAt Y .E 
91 OR XS(49) CM NOT BE UPDATED U/ NEU SWU 



I F ( I S ( 1 5 )  .EQ. 2 )SUSI= i .  
I F ( M 0  .LE. XS(49)  .OR. SUSI.NE. 0) THEN 

PAR=(ARO/XS(49)) t 100. 
IF(PCLR .GT. 99.9 lPARe99.9 

ELSE 
URITE (IOB, '( "SHERROR-ARO ',F7.2, " GREATER' 

' THAN SRO ",F7.2,' FOR STATION " , I i O , ' . ' , I i ,  
'--PAR SET TO 99, EXECUTION COMTINUING') ' ) 
XS(481, XS(49), ISTW2,  ISTAP2 

PAR = 99.9 
ENDIF 

TEST WHAT OPTION OF SCD RELATIONSHIPS 
J = XWPA(IRSD+4) 
NRSD = 0 
PARA=O 
CClU TLU2 (i,PCIRCI,J ,)(RSD, NPA(IRSD+S),RSL(i) ,KE) 
TSCT=RSLI2) 

THERETICAL SNOM COVER AREA I S  EXTRACTED 
CALL TLU2 (1, PAR, J, NRSD, NPA(IRSD+S), RSL(I) ,  RE) 
EAV = 0.  
NRDEU = 0 
NREAV = 0 
NRHLT = 0 
NRSDI = 0 
E M  = 0 .  
E H M  = 0 .  
SUE = 0 .  
I F I I S ( 4 2 )  .NE. 0 )  M E N  

SETUP OUTPUT AREA FOR SNOW COVERED AREA RECDRD 
IRSCA = NTD 
MTP = NTD + 10 + 28NTI 
IF(WTD .GT. ICLGT) THEN 

IERROR = 4 
6 0  TO 1 2 5  

ENDIF 
MPA(IRSCA+i) = - I S ( 4 2 1  
HPA(IRSCA+2) = JDATE 
NPA(IRSCAt3) = i 
NPI( IRSCAt4)  = 0 
NPA(IRSCA+I) 2 
NPAtIRSCA) = NTD - IRSCA 
NRSCA = IRSCA + iO 

ENDIF 
CMPUTE RATIO OF ACTUAL SNOU COVER TO THEORETICAL SCA 

IF ISCA .NE. O .AND. RSLI2I.NE.O.) T E N  

RATIO SCA /RSLf2) 
I N I T I A L I Z E  SCAT,SUET CO-ORDXNATES OF DEVIATION POINT 

SCATSO 
SuET=O 

BYPASS DEVII\TXON POINT SEARCH I F  KC R.O. OPTION 



IF(TSCT.LE.1) THEN 
I F  AREAL SNOUPACK OPTION GO AHEAD TO 
CALCULATE DEVIATION POINT ON SCD CURVE 

SUEL=XS(48) 
SCAL=SCA 
PARA=PAR 
SLOPE=XS( 67 ) 

DEFAULT SLOPE OF DEVIATION CURVE FOR 
ASSURING CONVERGENCE I N  THE DEVIATION POINT SEARCH 

IF (RATI0 .GT. i  .AND. SLOPE.LE.2 )SLOPE=2 
IF(RAT1O.LT. i  .AND. SLOPE.GE.O.S)SLDPE=O.S 
IF(SL0PE. LE. 0 ISL0PE-O 

SEARCH DIVIATION POINT AT 5% ACCURACY 
P A R k P  ARCS 
IF(PARA.LE .O)PARA=O 
SUEQ=XS(49) tPARA/IO 0 .  
CALL TLU2(1,PARA,J,HRSD,NPA(IRSD+S) ,RSL(I) ,HE) 
SCT=RSL(2) 
SCh=IOOSSLOPEt (SWEQ-SUEL) /XS(49) + SCAL 
IF(PARA.ME.0) 'THEN 

CONVERGE ON I S T  TRIAL I F  I N I T I A L  SCA,SUEQ ON CURVE 
IF(RATIO.NE.1) THEN 

IF (RhTI0 .GE. I )  THEN 
I N I T I A L  SCA ABOVE SCD CURVE 

I F  (SCh . GT . SCT GO TO 4393  
ELSE 

I N I T I A L  SCA BELOU SCD CURVE 
IF(SCA.LT.SCT) GO TO 4393 

END1 F 
ENDIF 

ENDIF 
DEVIATION POINT FOUND ON SCD CURVE 

SUET=SWEQ 
SChT=SCT 
SCAaSCAL 
SUEP=SUEL 

RE-CALCULATE SLOPE OF DEVIATION L I N E  
IF(SVET.M€.SUEL) 

XS(67)=((XAT-SCAL)/iOO. ) / 
( (SUET-SUEL)/XS(49) 

IF(SVET.EQ.SUU)XS(67)=0 
SET SNITCH FOR SCA DEPLETION 

SUSCD=O 
IF(RATI0.GT. t)SUSCD=l 
IF(RAT1O.LT. I)SUSCD=-i 

ELSE 
ACC R .O. OPTION XS(67)=SCA/SCT 

XS(67)=RATIO 
END I F  



ELSE 
XS(67) = 1. 
SCA = RSL(2) 
I F  (SCA.LT.0.) SCA = 8. 
I F  (SCA.GT.99.9) SCA=99.9 

ENDIF 
COHPUTE RATIO OF ACTUAL MELT-RATE TO THEORETICAL HR. 

IF(1RMLT .NE. 0 )  M E N  
J = XNPA(IRHLTt4) 
CALL TLU2 (I,PAR,J,NRC(LT,NPA(IRHLT+S),RSL(i),KE) 
IF(SWLT .NE. 0) THEN 

XS(b0) = SKT/RSL(2 )  
ELSE 

SMLT = RSL(2) 
XS(60) = i. 

ENDIF 
ELSE 

COMPUTE SNOU HELT CONSTANTS 
RADIATION-NON FOREST A R B  

RNFK = XS(S5) $ ( i . -  XS(57))  t .00004 
CONVECTION-CONDENSATION 

CCK = XS(56) t . 0 0 8 4  
LONGYAVE RADIATION I N  FOREST. 

CFK = .029$ XS(57) 
EHDIF 

ELSE 
RAIN ONLY BASIN 

SYS i. 
IRSCA = 0 

ENDIF 
END1 F 

Reset f o r  Month i P r i n t  H e a d i n g  By Enterinq BAS-PRINT a t  1 2 i f  

IF(SWA.EQ. 01  THEN 
CALL TWELVE-FIFTEEN (EFAREA,RDTS)II ,SSSRO, JT,TPAR , IHEAD) 
S Y A "  1 . .  

RESET FOR DAY - INCREHENT TO END OF DAY, RESET SUP - i S T  PER 
OF M Y .  

IF(1DAY .LE. 1 1 0 1  THEN 
IMY = I T 0  + 2 4 0  

RESET SUP, THIS I S  START OF NEW 2 4  HOUR DAY. 
SUPR = 0 .  
SYPS = 0 .  

ELSE 
SUPR = i .  
SYPS = i .  

ENDIF 



0567 C 
0568 C 
0569 
0570 c 
0574 c 
0572 
0573 C 
0574 c 
om c 
0576 
0577 
0578 
0579 
0580 
158i 
0582 C 
0583 
8504 
1585 c 
0586 
0 9 7  C 
1588 
0589 
0590 
0591 
Of92 
0593 
8594 C 
0595 
0596 
8597 
0598 
1599 
060Q C 
Oblf 
8602 
1603 
0604 
Ob05 
0606 
0607 
8600 C 
0609 
0611 C 
Obi i 
Q612 
8613 
@bt4 C 
obis C 
Obi6 1396 
8617 
Obi8 

PROCESS A PERIOD Setup Period Hours 

CALL BASEC 
Pr in t  Basin Results 

Do Potential I n f i l t r a t i o n  Calcuations 

IF(XS(48) .GT .WXSUE) THEN ! Pat Landine Cluq . i985 
RAXSUE = XS(48) 
THETAP = ~ I / S H I ~ X  
TOTINF = (5 .  %( i . -THETAP 1 t (MXSWESES .4)$*0.584 )/25.4 
IF(TOT1HF .GT .)VIXSUE) TOTINF = HAXSWE 
'THRESHOLD = TOTItlF/(240. /ITtfE(NRTHE+i * 6 . )  ! I n f  . Threshold 

! 6 DAYS 
SPRING = .FALSE. ! Not Spring Yet 

ENDIF 

nnTm = ~2 
SETUP INITIAL CONDITIONS 4T END OF COHPUTE PERIOD 

XS(47) = MI 
XS(b6) = 011 
XS(68) = SCCl 
IS(27) = ITE 
XS(61) = SWLT 
XS( 69 )=RAIAR 

STORE OUTFLOU TO OUTPUT RECORD. 
XNPA(NRB0F) = QOUT 
NRBOF = NRBOF + i 
N = N + I  
Bo = QOUT 
IF(SU1C .ME. 0 . 1  GO TO 1396 

TEST - SHOW COVER RECORD TO BE MITTEN. 
IF(IRSCA.NE.6) THEN 

IF(SUS.EQ.0) THEN 
#PA(NRSCA) = IT0 + IHR 
XNPAo.IRSCA+I) = SRANS 
WRSM = NRSCA + 2 

END I F  
ENDIF 

IF(IS(191.NE.O) THEM 
OUTPUT INSTANTANEOUS CONDITIONS 

IF(M.GT. NTI) GO TO 1430 
CALL ICOUT ( I P ,  IS( i1)  

MDIF 
TEST - LAST PERIOD 

IF(N.GT. NTI) GO TO 1430 
IT0 = ITE 
IF(ITHE(MRTnE+3) .EQ.O) GO TO 510 



0619 IF ( ITO.LT .  ITHE(NRTtiEt2) GO TO S f t l  
0620 N R T E  = NRTHE t 2 
0621 GO TO 510 
0622  C TEST FOR I N I T I A L  CONDITION ADJUSTMENT 
0623 C 
0624  1430 IF(SW1C) 1455, 1440, 1455  
ObZ 1 4 4 1  IF (XS(20) )  1470, 1520, 1470 
0626  1 4 5 5  ERR = XS(20) - POUT 
6627 I F  (SU1CC.KE.I.) THEN 

8 6 2 8  SUICC = i .  
8629 WUTU = POUT 
0 630 END I F  
0631  I F  (TEST.LT.ABS(ERR)) THEN 
0 6 3 2  I F  (ITSYT.NE.1) THEN 
0 6 3 3  C I F  PREVIOUS ITERATION RESULTS I N  SAHE OOUT, QUIT. 
0 6 3 4  I F  (QPREV.EQ.QOUT) GO TO 1465  
U 635 QPREV = POUT 
0 6 3 6  IF(M1CA .EQ. 0 )  GO TO 1465 
0637  NICA = NICA - i 
0 630 IF(SW1C .6E. 0 . )  THEN 
0639 C CALC ADJUSTHENT TO PICA 
0640 M I C A  = 0.5 
4 6 4 1  I F  (ERR .LT .  0 . )  APICA = -0 .25 
0 6 4 2  SYIC = -1. 
0 6 4 3  ELSE 
0 6 4 4  IF(AP1CA .LE. 0.) THEN 

* 0 6 4 5  IF(ERR .6E. 0 . )  THEN 
0646 AP ICA = -AP ICA/2.  ! R e v e r s a l  
0647  ELSE 
O 6 4 0  APICA = APICA/2. 
0 6 4 9  ENDIF 
1654  ELSE 

I ObSf IF(ERR .LT.O) THEN 
0 652 APICA = - A P I W 2 .  ! R e v e r s a l  
0 6 5 3  ELSE 
065 4 A P I M  = APICA/2. 
9 6 5 5  ENDIF 
1 6 5 6  ENDIF 
0647  ENDIF 
06% PICA = PICA t A P I M  
0659 C RETURN TO TRY AGAIN 
0660 GO TO 1467  
4 6 6 f  C PERFORH TIHE SHIFT 
Obb2 ENDIF ' 
0663 ICATS ICATS t f 
0664  I f  (ICCITS.EQ.2) W TO 14643 
0 6 6 5  I F  (ICATS.EQ.3) W TO 54644 
0 6 6 6  ITOSHF = ITHE(2) /2  
0 6 6 7  IF(8UBII.EO.I..AND.ERR.LT.O.) C O T 0 1 4 6 4 9  
1668' ‘ I F  (SUB1 I. EQ . -1 . .AND. ERR. CT . O . W TO 1 4 6 4 9  
9 6 6 9  14643  ITOSHF 8 - ITOSHF 
0 6 7 t  ' GO TO 14649  



0671 14644 ITSUT = fi 
0 672 I F  (ABS(ERR) .LE.ERRTS(i) .MD.AErS(ERR) . L E . E R R  1 W TO 1467 
0673 I F  IERRTS(2) .LE.ABSIERR) .AND.ERRTS(2) .LE.ERRTS(i) GO TO 14645 
0 674 ITOSHF = 0 
0675 GO TO 1467 
0676 14645 ITOSHF = - ITOSHF 
8 677 60 TO 1467 
0678 14649 ERRTSt ICATS) = ABS(ERR 1 
0679 60 TO 1467 
0680 ENDIF 
0681 C TOLERANCE MET OR 10 TRYS TAKEN. RECOHPUTE FOR PRINTOUT 
0682 C 
0683 1465 SUIC = 0. 
0684 1467 CALL DGET I I A D ,  I S I I ) )  
0 685 GO TO 410 
0686 1470 I F  (1SUU.NE. 0 )  THM 
0607 ISUU = 0 
Q68a SUIC = 1. 
0 609 GO TO 1455 
0694 ENDIF 
0691 C ADJ USTBENT WITHIN ALLOUED ERROR COWLETE . ADD REHAINDER TO 
8692 C PHASES. 
0 693 J IS(31) 
0 694 X I  = J 
0695 ERR = XS(201 - POUT 
8696 X = ERR t 9SR / WUT 
0697 K = 70 
8698 C ADJUST SURFACE PHASES 
0699 MA = 1 
0701 1475 DO I = 1, J 
0701 QO =XSIK)+X 
0702 IF(QO.LT.0 ) QO = 4. 
0703 XSIK)=QO 
9704 K=K+1 
0705 ENDDO 
0706 C 
8707 GO TO (1482, 1484, 14861, tU 
t708 C 
0709 1482 HA = 2 ! 
9718 X = ERR t QSSR / POUT ! Adjust Subsurface Phases 
0711 J = IS(33) ! 
0722 GO TO 1475 ! 
0713 C 
0714 1414 MA = 3 ! 
0715 X = ERR t QBR / QWT ! Ad jus t  Baseflew Phases 
0716 J = IS(35) ! 
0717 GO TO 1475 ! 
0718 C 
0719 1486 NICA = 4 - NICA ! 
one XNPA[WRBOF-1) = XS(2d) ! P r in t  Ad jus t~en t  Result 
11721 I F  (ITOSHF .LT. 6) IMSG = 3 
0722 I F  (ITOSHF.EQ.6) InSC = 2 



0723 I F  (ITOSHF.GT.0) IHSG = i 
0724 C 
0725 URITE (IOU, f 4 8 8 )  PICA, POUT, NICA, QOUTU, TSHSG( IHSG) , XS(20 
0726 1488 FORHAT (73HOBASIN I N I T I A L  CONDITION ADJUSTHENT RESULTS. RAIN-HELT 
0727 iCORRECTION RATIO =, F 6  .3, 20H COHPUTED OUTFLOU =, F f  0 .  i / 
0728 2 20H ITERATIONS TAKEN =, 13, 22H UNADJUSTED OUTFLOU =, F iO.  l ,  
0 7 2 9  3 bX, A4, iOHTItiE SHIFT, iOX, i8HOBSERVED OUTFLOW =, F f 0 . i )  
0730 XS(20) = 0. 
0731  C 
0732 C TIHE ALL DOHE FOR THIS STATION 
0733 C 
0734 1520 I F ( I S ( i 9 ) . # E . O )  CALL ICOUT ( IP ,  I S ( i 1 1  
0735 IF(IRSCA.NE.0) THEN 
0736 IF(SYS.EB.0) THEN 
0737 C URITE OFF SCA RECORD FOR RAIN BASIN. 
0738 I A  = O 
0 739  CALL DICTP (NPA(IRSCA+i), I A ,  NPA(IRSCA1) 
0740 ENDIF 
0741  END I F  
0742 C STORE BASIN OUTFLOY RECORD 
0743 C 
0744 I A  = 0 
0745 C K L  DICTP (NPA(IRBOF+1), I A ,  NPA(IRB0F) 
0746 C 
0 7 4 7  I S ( i 6 )  = I S ( f 7 )  
0748 CALL DPUT (IAD, I S ( 1 ) )  
0745' C 
0750 C CONSTRUCT SNOU HELT CALC. OPTION L INE 
0751 C 
0752 IF(SUS .NE. 0 . )  GO TO 105  ! T r a n s f e r  c o n t r m l  t o  S t a r t  
0753 C 
0754 C HELTRATE OR THERHAL BUDGET 
0755 IOPTH = IOPTHI 
0756 I F ( 1 R K T  .EB. 0)  IOPTH=IOPTTB 
0757 C SNOU BAND OR DEPL. CURVE 
0758  IOPTB = IOPTDC 
0759 I F (  I S (  I S )  . EB. 1 IOPTB=IOPTSB 
rjS60 C LAPSE TEHPERATURES 
0761 OPTL = AY 
0 7 6 2  IF(SWE .EQ. 0 . )  OPfL = AN 
0763 I = IOPTHt2 
8764 J = IOPTBt i i  
0765 C ACCUH. RUNOFF FUNCTION OF HELT OR HELTtRAIN. 
0766 IOPTA=IOPTHO 
0767 I F ( I C L 3 0  (6 )  .EQ. i) IOPTA=IOPTHR 
0768 K=IOPTA+3 
1769 C SPLIT BASIN 
8770 I F  (IRSCA. NE .I ) THEN 
0 7 7 i  URITE ( I O U , i 5 0 0 ~ ( 0 P T I O N ( ~ )  ,N=IOPTH,I) ,(OPTION(KI) ,Kf=IOPTA,K), 
0772 i (OPTION(K2) ,K2=IOPTB, J) , OPTL,OPTSCA 
8773  URITE (IOU,'( 'tSS SHItlAX=',FfO .2 ) ' )  SHIHAX 
4774 IF(SUSI.EQ. f YRITE (IOY,'('SSt PLAIN M E A  M L T  OPTION" 



0 775  1 * SI=*,FIO.2) ' )  S I  
0776 IF(HIXSU.EQ.3) URITE (IOU,' ( 'ttt HIXED UNIT MODE FOR" 
0777  1 " H E T R I C  T,P,ETI,HRa)') 
0778 GO TO 105 
0779 ENDIF 
0780 C 
0 7 8 1  URITE (IOU,1580) (OPTION(N) ,N=IOPTHtI) , (OPTION(Ki) ,K1=IOPTAtK) , 
0782  1 (OPTION(K2) ,K2=IOPTB, J) ,[lPTL 
0783 1580 FORMAT ("tHELT OPTIONS ARE *,3A4,'XAR FUNCTION OF ",7A4, 
0784 1 'LAPSE= * ,A1,13A4) 
0785 C 
0786  URITE (IOU, ' ( *#SS SHIHAX= " ,FiO. 2) ' 1 SHIHAX 
0787 IF(SWS1.EQ. 1 1 URITE (IOY, '( ' tSt PLAIN AREA HELT OPTION" 
0 7 8 8  1 * S I =  *,FlO.Z) ' )  S I  
0789 IF(HIXSU.EQ.3) URITE ( IOW, ' ( * t tS MIXED UNIT HOPE FOR" 
0790 1 ' METRIC T,P,ETItHRa)') 
0791  C TEST - END OF STATIOMS 
0 7 9 2  GO TO 1 0 5  
0793 C 
0 7 9 4  END 
0795  C 
0796  CtS#SS#tSSSSYtttSSt#ttt$$#tS#ttrlrrlr$ttttttrlrttrlrttt#tt#ttt##tt#ttt 
0797 C 
0798  % E M  /Cf /  
0799 SUBROUTINE BAS-PRINT (EFAREA,RDTSHI ,SSSRO, JT,TPAR , IHEAD) 
B8lO C 
0 8 0 1  C T h i s  s e c t i o n  S e p a r a t e d  f r o n  BASINE by P a t  L a n d i n e  July 30  1985  
0802 C 
0803  I H P L I C I T  NONE 
0804 SINCLUDE [ C i  :PL: 121 ,NOLIST 
0 8 0 5  $INCLUDE [ I N F  :PL: 121 ,NOLIST 
0806 SINCLUDE 1BASIH:PL: 121 ,NOLIST 
0807  %INCLUDE [AREA1 :PL: 121 ,NOLIST 
0808 C 
0809 R E K  XS(i),XNPA(I), 
0 8 1  0 1 EFAREA,RDTSHI,SSSRO,'rPM 
0 8 1 1  C 
0812  INTEGER NPA (1 1, 
0 8 f  3 1 JT, IHEAD 
0 8 i 4  C 
0815 C 
0 8 f b  EQUIVALENCE (NPA( i I ,  XNPA(I), N P I  
0 8 f  7 EQUIVALENCE ( Is t i ) ,  XS(1)) 
0 8 f 8  C 
0819 C PRINT RESULTS tK SUBROUTINE BASINE 
0820 C 
O82f CALL CTIHE ( I T E  , I, K t  K2, K3) 
(1822 K 3  = 1980  + K3 
0 8 2 3  I F  (HNTHW . EP . K 2  THEN 
0824 I F ( I S ( 1 7 )  .CE. 8 .OR. SYIC.NE.0) THEN 
0 8 2 5  I L I N E  = I L I N E  + 1 
1826  RETURN 



0 827 ENDIF 
0828 I F ( I L I N E  .LE. 44)  GO TO i 2 4 5  
0 829  GO TO 1232 
0830 ENDIF 
0831 Ct tSSS 
0832 ENTRY TUELVEJIFTEEN (EFAREA ,RDTSHI ,SSSRO, JT ,TPAR , IHEAD) 
0833 1215 CALL ALHTH (K2, DHO(1 1 )  
0834 CALL EXETI ( IRETI ,  NRETI, K2, E T I )  
0835 IF(SW1C . NE. 0. .OR. I S (  17) .  GE. 8)  THEN 
9836 I L I N E  = I L I N E  + 1 
11837 RETURN 
0838 ENDIF 
0839 IF(SUA .NE. 0 . )  THEN 
8840 C TEST - OVERFLOU bT HONTHEND. 
0841 I F ( I C L 3 0 ( 2 )  .NE. 0 )  THEN 
0 842  I F ( I L I N E . L E .  42)  GO TO 1240 
0843 EMDIF 
0 844  ENDIF 
084s 1232 IPAGE = IPAGE + i 
0846 WRITE (IOU,'( ' iU 20X)"BASIN RESULTS - STATION",IiO, 
11847 1 '. n,11,1X,i1A4,/' i RUN DATE RUN NO. ' 
0848 2 I N I T I A L  DATE, HOUR JOB DESCRIPTION" ' ) 
0849 3 I S T W I ,  ISTAP2, (IS(J),J=3,13) 
0850 I F  ( IHEAD . EQ . 0 THEN 
0851 WRITE(IOU,' (4X,2A4,IB,Ib,iX,3Ai ,2I5,iHB,Iii,2Xt10A4,7X, 
0852 1 ALBERTA ENVIRONRNT NOV/84')') 
0853 2 DAT, JDATE,JDA, AHO, JYR, JHR, JOB, J I D  
0854 ELSE 
0855 WRI'~E(IWt'(4X,2A4,I8,Ib,iX,3Ai,2I5,iHO,Iii,2X,iOA4,3X, 
0 856 i ' U. o f  S.  D i v i s i o n  o f  Hydrology')') 
0 857 2 DAT, JDATE, JDA, AHO, JYR, JHR, JOBt J I D  
0858 ENDIF 
0859 I F ( I S I 1 5 )  .EQ.i)  THEN 
0860 WRITE(IOY,'(2ElX,'ETI =',FS.2,' IN./DAY" 3SX,' AREA =',F7. i ,  
0861 1 ' SQ. M1.'1') ETI,  XS(30) 
0862 URITE(IOW,'(' DY HOUR PCPN XRA RAINm 
0863 i ' SNOU AC-SN D-DY %HA H-RATE fiELT ETI' 
0864 2 SMI ROP RGP 011 BFP BASEF SUBSF' 
0 8 6 5  3 ' SURF DISCH HOUR DAY'/'#')') 
8866 ELSEIF(SUS.GE. i . 0 )  THEN 
1867 URI'rE(IOW,'(28X,'ETI =',F5.2," IN./DAY, PELT RATE =' 
0868  i ,F6.3,' IN./DEGREE-DAY, AREA tU,F7.i,' SQ. H I . * ) ' )  
1869  2 ETI, SHLT, XS(30) 
0870 URITE(IOU,'(' DY HOUR PCPN %RA RN-AR HL-AR XAR ELEV SCA' 
0871 1 ' D-DY %HA X L T  HI E T I  SMI ROP RGP ' 
0872 2 ,011 BFP BASEF SUBSF SURF DISCH HOUR  DAY'/^#^)') 
0 873  ELSE 
0874 TPAR=l .9  
0875 - JT=XWPA( IRSDt4) 
0876 CALL TLU2(1,TPAR,JT,MSD,NPA(IRSD+S) ,RSL(i)  ,KE) 
1877 TSCT=RSL ( 2 ) 

' 0878  IF(TSCT.LE. 1 . 0 )  THEN 



















E i =  EHH +(IOO.*(DCA(4,i) - XS(59)) / XS(b2)) 

IF(EI .CT. 99999) E l  = 99999. ! L i ~ i t  Hax,Min E leu.  f o r  No-nel t  Area 
IF(EI .LT.  B )  E i  = 0 .  

CALL TLU2 (i, E1,2, NREAU, IS (J ) ,  R!X(I) ,  KE) 
SHA = RSL(2) ! SWA = % area Below N o - k l t  l e v e l ,  F ron  Tab le  

RAIN FREEZE LEVEL = EHH + (TEHP - RAIN-FREEZE-TEHP)/LAPSE RATE 
E l =  EHH + ( I60. t (DCA(4, i )  - XS(54))/XS(b2)) 

I F ( E I  .CT. 99999)Ei=99999. ! L i ~ i t  Hax,Hin E lev  . For  Ra in  Freeze L e v e l  
IF(EI .LT.  0 )Ei=O. 

CALL TLU2 (1, Ei,2, NREAV, IS(J) ,  RSL(1)) KE) 
SRA = RSL(2) ! SRA X area Below Rain-Freeze Elev. ,  F ron  Tab le  

SSI=IO 0. -SRA ! SSA = % a rea a b w e  Rain-Freeze E l e v .  
IF(SAU.CE. S M )  THEN 

snI = 0 .  
SNOU = 0.  
DD = 0. 
GO TO 050 

ENDIF 
LAPSE TEMP TO AVERAGE ELEV OF HELTING SNOU. 

SAV =(SIV + SHA)/2. 
CALL TLU2 (2)  SAV) 2)  NREAV, I S ( J ) )  RSL(i)) KE) 
T = DCA(4,L) - ((RSL(I)  - EHtl)$XS(b2) / 100.) 
SHA a SHA - ( I Q O .  - SCA) 

CCKC . DEGREE-DIYS 
IF(1RHLT .HE. 11) THEN 

DD = T - XS(S9) 
IF(SCA.LT. 0.10 .AND. XS(48).LT.O.OI)DD=O.00 
IF(DD.LT. 0) THEN 

SNOU = 9 .  
DD = 0. 
GO TO 850 

ENDIF 
COtlPUTE DAYS SNOU M€LT 

SNOU = DD.S SHLT 
GO TO 859 

ENDIF 

COHPUTE SNOY = RNFK ( I-ALBEDO t INSOLAT ION+ 
CCKtUIWDt(. 22t(IIRTEW)+.70(DEYPOINT) )+ 








































