
C O N C L U S I O N
Why the r iver  i s  shr ink ing remains  a  myster y.  One poss ibi l i t y  i s  that  the ac t ive  channel  i s  not  ac tual ly  
decreas ing in  s ize ; i t  could be gett ing deeper  as  wel l  as  narrower.  However, anecdotal  evidence f rom 
long-t ime res idents  of  the area does  not  suppor t  the idea of  a  deepening channel .  Poss ibly  the r iver  i s  
s t i l l  adjust ing to  the regulat ion of  st reamflow that  began in  1917, when Wissota  Dam was f in ished on 
the Chippewa R iver  approximately  30 k m upstream from Eau Cla i re.  Wissota , the f i rst  s izeable  
hydroelec tr ic  dam on the Chippewa, i s  today one of  23 hydroelec tr ic  dams upstream from Eau Cla i re  (see 
Figure 1) .  Whi le  none of  these have s igni f icant  f lood storage capacit y, their  operat ion does  af fec t  the 
magnitude of  re lat ively  smal l , f requent  f loods.   Thus, the Chippewa may st i l l  be  responding to  the 
hydrologic  changes created by dams bui l t  in  i ts  watershed decades  ago.
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The causes  of  decl in ing ac t ive  channel  area are  not  k nown, even though the process  by which i t  has  
happened is  apparent  f rom aer ia l  photographs.  In  general , channel  area has  shrunk as  vegetat ion has  
encroached upon and f i l led s ide channels  (especia l ly  in  the anastomosing reaches)  and become 
establ ished on latera l  sand bars  and point  bars  a long the main channel .  I t  seems l ik ely  that  the 
encroachment  of  vegetat ion is  due to  changes in  the hydrologic  regime of  the r iver.  However, analyses  
of  st reamflow records  f rom the USGS gaging stat ion at  Durand, WI  ( located 5  k m downstream from Nine 
M i le  Is land)  reveal  no t rends that  c lear ly  expla in  the obser ved channel  changes.

For  example, whi le  smal l  annual  maximum f loods (Char t  8)  between 1955 and 1964 may help expla in  the 
decl ine of  channel  area dur ing that  per iod of  t ime, re lat ively  large annual  f loods between 1993 and 2005 
(a  t ime of  dramatic  channel  area decl ine)  counter  any conclus ion that  smal l  annual  f loods are  a  pr imar y  
cause.  The annual  record of  f lood durat ion ( indicated by the number  of  days  per  year  that  stream Q 
equaled or  exceeded the mean annual  f lood Q)  (Char t  9)  a lso  fa i ls  to  expla in  changes in  channel  area .  
The same is  t rue for  the record of  annual  f low var iabi l i t y  (as  measured by the standard deviat ion of  the 
mean dai ly  d ischarge)  (Char t  10) .  Thus, the quest ion of  why the channel  of  the Chippewa R iver  i s   
shr ink ing remains  unanswered. 
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O u r  a n a l y s i s  o f  h i s t o r i c a l  a e r i a l  
p h o t o g r a p h s  r e v e a l s  t h a t  t h e  

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

p o l y g o n s  m a k e s  t h i s  d e c l i n i n g  t r e n d  e v i d e n t .  T h e  
c h a n g e s  a r e  s u m m a r i z e d  i n  C h a r t  1 ,  w h i c h  s h o w s  t h e  

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

1 9 3 8  c h a n n e l  a s  a  r e f e r e n c e  p o i n t .  W h i l e  a c t i v e  c h a n n e l  a r e a  
i n c r e a s e d  b e t w e e n  s o m e  y e a r s  ( f r o m  1 9 3 8  t o 1 9 5 1  a n d  f r o m  1 9 7 2 / 7 3  

t o  1 9 8 6 - 8 8 ) ,  o v e r a l l ,  a c t i v e  c h a n n e l  a r e a  d e c r e a s e d  d r a m a t i c a l l y ,  w i t h  
a n  e s p e c i a l l y  s e v e r e  d e c l i n e  a f t e r  1 9 8 6 / 8 8 .  A s  a  r e s u l t ,  i n  2 0 0 8  t h e  a r e a  

o f  r i v e r ’s  a c t i v e  c h a n n e l  w a s  o n l y  7 0 . 9 %  o f  w h a t  i t  w a s  i n  1 9 3 8 . 
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R E S U LT S

C h a r t s  2  t h r o u g h  6  r e v e a l  t h e  s p a t i a l l y  n o n u n i f o r m  d e c l i n e  i n  
a c t i v e  c h a n n e l  a r e a . B e t w e e n  E a u  C l a i r e  t o  t h e  f i r s t  
a n a s t o m o s i n g  r e a c h  ( c o m p r i s i n g  t h e  E a u  C l a i r e  a n d  C a r y v i l l e  
r e a c h e s )  c h a n g e s  i n  a r e a  h a v e  b e e n  m o d e s t . I n  c o n t r a s t ,  a l o n g  
d o w n s t r e a m  r e a c h e s , t h e y  h a v e  b e e n  m u c h  m o r e  r e m a r k a b l e ,  
a l t h o u g h  t h e  t e m p o r a l  t r e n d s  a l o n g  t h e s e  r e a c h e s  h a v e  n o t  
b e e n  t h e  s a m e .  F o r  e x a m p l e , a c t i v e  c h a n n e l  a r e a  a l o n g  t h e  
S t r e t c h  r e a c h  d e c l i n e d  f a i r l y  s t e a d i l y  f r o m  1 9 3 8  t o  2 0 0 8 , w h i l e  
a l o n g  t h e  I s l a n d s  a n d  N i n e  M i l e  r e a c h e s ,  i t  d e c r e a s e d  i n  a  
m a n n e r  c h a r a c t e r i z e d  b y  c o n s i d e r a b l e  y e a r - t o - y e a r  v a r i a b i l i t y . 
A n d  o f  t h e s e  t w o , t h e  N i n e  M i l e  r e a c h  e x h i b i t e d  l i t t l e  c h a n g e  
i n  a c t i v e  c h a n n e l  a r e a  t i l l  a f t e r  1 9 8 6 , w h e r e a s  t h e  I s l a n d s  
r e a c h  b e g a n  d e c l i n i n g  d e c a d e s  e a r l i e r .   S p a t i a l l y  v a r i a b l e  
p l a n i m e t r i c  c h a n g e  h a s  a l t e r e d  t h e  r e l a t i v e  a r e a  o f  a c t i v e  
c h a n n e l  i n  e a c h  r e a c h  ( a s  a  p r o p o r t i o n  o f  t h e  t o t a l  a c t i v e  c h a n n e l  a r e a )  ( C h a r t  7 ) .
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A  c l o s e r  l o o k  a t  i n d i v i d u a l  r e a c h e s  r e v e a l s  s i g n i f i c a n t  s p a t i a l  
v a r i a b i l i t y  i n  t h e  c h a n g e s  t h a t  o c c u r r e d  b e t w e e n  1 9 3 8  a n d  
2 0 0 8 .  To  q u a n t i f y  c h a n g e s  a t  a  r e a c h - s c a l e ,  t h e  
r i v e r  w a s  s e c t i o n e d  o f f  i n t o  f i v e  
r e a c h e s .  T h e  b r e a k s  b e t w e e n  
r e a c h e s  w e r e  e s t a b l i s h e d  
w h e r e  t h e  p l a n f o r m
m o r p h o l o g y  o f  t h e  c h a n n e l  
e x h i b i t e d  s i g n i f i c a n t  
c h a n g e .  T h e  r e a c h e s  
a n d  t h e i r  a s s i g n e d  
n a m e s  a r e  s h o w n  
o n  t h e  
a c c o m p a n y i n g   
m a p .

C h a r t  3C h a r t  2

C h a r t  6

C h a r t  7

C h a r t  5C h a r t  4
E s p e c i a l l y  n o t a b l e  c h a n g e s  o c c u r r e d  
i n  t h e  a n a s t o m o s i n g  r e a c h e s .  T h e s e  
r e a c h e s  h a v e  b e e n  c h a r a c t e r i z e d  b y  c h a n n e l  a b a n d o n m e n t  
a n d  t h e  f o r m a t i o n  o f  n e w  c h a n n e l s  
a c r o s s  m e a n d e r  b e n d s .  A  
p a r t i c u l a r l y  g o o d  e x a m p l e  o f  
t h e  y e a r - t o - y e a r  p r o g r e s s i o n  
o f  c h a n n e l  a b a n d o n m e n t  
a n d  f o r m a t i o n  c a n  b e  
s e e n  b y  f o l l o w i n g  t h e      
o n  t h e  t i m e  s e r i e s  
o f  a c t i v e  c h a n n e l  
m a p s  f r o m  
1 9 3 8  –  
2 0 0 8 .
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For  the f i rst  par t  of  th is  research, we obtained and 
scanned pr ints  of  aer ia l  photographs tak en in  1938, 
1951, 1958, 1965, 1972/73, and 1986/88. We then 
georeferenced the scanned photos, a long with 1998 
digita l  aer ia l  photos  obtained f rom the USGS, with  
the remote sensing sof tware ENVI  4 .5 .  For  the geo-
referencing process, we used 1992 digita l  or thopho-
to quadrangles  as  base maps.  In  addit ion, we ob-
ta ined georeferenced digita l  aer ia l  photos  that  had been tak en in  2005 
and 2008 as  par t  of  the Nat ional  Agr iculture  Imager y  Program.Then, we 

created geodatabases  in  ArcCatalog for  the 
1951, 1958, 1986/88, 1998, 2005 and 2008 
channels  as  geodatabases  had been previously  
created for  a l l  other  years  f rom pr ior  research.  
Feature  c lasses  were created in  each new geo-
database for  the lef t  bank, r ight  bank, sand-
bars, i s lands, s loughs, and lak es  (Figure 
3) .Nex t , we digit ized the lef t  bank, r ight  bank, 
s loughs, i s lands, lak es  and sandbars  for  each 

year  us ing the georeferenced images as  base maps in  ArcM ap 9 .3  at  a  
1 :3000 scale.  We then created polygon f i les  f rom the digit ized r ight  and 
lef t  banks  for  each year  us ing the 
L ine to  Polygon tool  in  ArcMap.  
The is lands were then c l ipped out  
of  the polygons (Figure 4) .  This  a l -
lowed us  to  measure the planimet-
r ic  area of  the ac t ive  channel  for  
each year. ( The ac t ive  channel  as  we def ine 
i t  consists  of  the stream and adjacent  un-
vegetated sandbars, and i t  excludes  vegetated 

is lands. )Last ly, the 
r iver  was  div ided into f ive  sec t ions  (Eau 
Cla i re, Car y vi l le, I s lands, Stretch, and Nine 
M i le)  at  eas i ly  ident i f iable  locat ions  a long 
the r iver.  The planimetr ic  area of  each 
sec t ion for  each year  could then be eas i ly  
measured and compared (Figure 5) .

I N T R O D U C T I O N
The Lower  Chippewa R iver  appears  to  be a  highly  dynamic  r iver, as  
suggested by ac t ive  cutbanks  found a long i ts  channel  and oxbow lak es  
and abandoned channels  found on i ts  f lood pla in . But  just  how dynamic  is  
i t?   The objec t ive  of  th is  research is  to  reconstruc t  a  recent  histor y  of  
channel  change for  the r iver  in  order  to  ident i fy  and quant i fy  the changes 
that  occurred over  the last  several  decades

Figure 1

S T U D Y  A R E A
The Chippewa R iver  begins  in  nor thern Wisconsin  and f lows in  a  
southwester ly  di rec t ion for  ~425 k m, dra ining a  watershed of  25 ,000 k m 2 
to  the M iss iss ippi  R iver. The r iver  can be div ided into two dist inc t
par ts—an upper  and a  lower  r iver  separated at  the D el ls  Dam in  the c i t y  
of  Eau Cla i re.  The upper  r iver, which is  ~325 k m long, most ly  f lows
through a  poor ly  dra ined landscape created by glac io- f luvia l  processes  
dur ing the Late  Wisconsin  Glaciat ion.  The upper  r iver, as  wel l  as  some of  
i ts  t r ibutar ies, has  several  large dams located mainly  a long steep 
gradients ; most  of  these are  hydroelec tr ic  dams (Figure 1) .  The lower  
Chippewa R iver  f lows through a  landscape of  st ream-dissec ted bedrock 
uplands and stream-car ved 
val leys, which is  d ist inc t ly  
d i f ferent  f rom the recent ly  
g lac iated landscape of  the 
upper  r iver.  The lower  r iver  
a lso  has  no dams, a l though 
dams are  located on some 
of  i ts  t r ibutar ies .   The study 
area for  this  research is  a  
52-k m stretch of  r iver  
between Eau Cla i re  and the 
downstream end of  Nine 
M i le  Is land, located near  the 
c i t y  of  Durand (Figure 1) .

The Chippewa R iver, a  major  t r ibutar y  to  the M iss iss ippi  R iver  in  
west-centra l  Wisconsin , appears  to  be an except ional ly  dynamic  stream.  
This  seems par t icular ly  t rue of  the r iver  downstream from Eau Cla i re, as  
suggested by numerous abandoned channels  and bars  of  f luvia l  
sediment  found far  f rom the present  ac t ive  channel .  In  this  research, 
our  objec t ive  was  to  ident i fy  and quant i fy  recent  planimetr ic  channel  
change a long a  52-k m reach of  the lower  Chippewa R iver.  To accompl ish 
this, we used aer ia l  photographs tak en between 1938 and 2008 as  base 
maps and, in  ArcMap, d igit ized the r iver 's  ac t ive  channel .  From the 
digit ized ac t ive  channels, we generated a  t ime ser ies  of  maps 
i l lustrat ing 70 years  of  p lanimetr ic  change. These maps c lear ly  reveal  
s igni f icant  change a long anabranching sec t ions  and re lat ive  stabi l i t y  
a long s ingle-channel  meander ing sec t ions.  The digita l  maps of  the 
ac t ive  channel  a lso  enabled us  to  quant i fy  changes in  channel  p lanform 
over  the per iod of  study.  The most  notable  planimetr ic  change was a  
progress ive  decl ine in  the sur face area of  the ac t ive  channel , f rom 14.2  
k m 2 in  1938 to  10.1  k m 2 in  2008.  The cause of  this  decrease, which 
exceeds 28%, is  present ly  unk nown, a l though f low regulat ion by 
upstream dams seems a  l ik e ly  contr ibut ing fac tor.
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