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A bstr a ct 
T h e p h as e a n d s e v erit y of t h e El Ni ñ o/ S o ut h er n Os cill ati o n ( E N S O) is m aj or f a ct or 

c o ntr olli n g t e m p er at ur e a n d pr e ci pit ati o n v ari a bilit y i n t h e st at e of M o nt a n a. T his p a p er will us e 



S N O T E L sit e d at a t o d et er mi n e w h et h er t his c y cl e h as a diff er e nt eff e ct o n s n o wf all i n s o m e of 
t h e M o nt a n a’s m o u nt ai n o us w at ers h e ds. N R C S ( N at ur al R es o ur c e C o ns er v ati o n S er vi c e) 
w at ers h e d gr o u ps w er e s u bj e ct e d t o b ot h A N O V A a n d T u k e y H S D t est t o d et er mi n e st atisti c all y 
si g nifi c a nt diff er e n c es f or b ot h p h as e a n d s e v erit y. � 

2 

I ntr o d u cti o n 
S n o wf all is t h e pri m ar y f or m of pr e ci pit ati o n i n t h e m o u nt ai n o us r e gi o ns of t h e st at e of 

M o nt a n a a n d v ar yi n g l e v els of s n o w p a c k c a n h a v e s e v er al, q uit e lit er al, d o w nstr e a m i m pli c ati o ns 
f or b ot h e n vir o n m e nt, h u m a n h e alt h as w ell as i n d ustr y i n t h e st at e. T h er e ar e a m ultit u d e of 
f a ct ors t h at d et er mi n e h o w m u c h s n o w f alls e a c h wi nt er, b ut o n e m aj or f a ct or is t h e S o ut h er n 
Os cill ati o n or El Ni ñ o/ L a Ni ñ a c y cl e. T h e g o al of t his p a p er is t o ass ess h o w t h e S o ut h er n 
Os cill ati o n c y cl e aff e cts diff er e nt w at ers h e ds wit hi n M o nt a n a b as e d o n t h e os cill ati o n’s p h as e 
a n d s e v erit y. Usi n g s n o w- w at er e q ui v al e nt ( S W E) d at a fr o m M o nt a n a’s m a n y S N O T E L sit es, I 
will d e m o nstr at e h o w t his c y cl e h as aff e ct e d t h e S W E t ot als i n t h e p ast t o b ett er u n d erst a n d w h at 
p att er ns w e c o ul d e x p e ct t o s e e i n t h e f ut ur e. 

M o nt a n a a n d S n o wf all 
S n o wf all i n t h e m o u nt ai n o us r e gi o ns of t h e st at e a n d t h e gr a d u al r u n off f e e d t h e pl et h or a 

of w at er w a ys t h at r u n t hr o u g h o ut t h e st at e ( Cl ar k 2 0 0 1). L o w s n o wf all wi nt ers c a n yi el d dr o u g ht 
c o n diti o ns t h at aff e ct b ot h M o nt a n a’s n at ur al s yst e ms as w ell as t h e li v es of l o c al M o nt a n a ns. 
D e cr e as e d s n o wf all h as pr e c e d e d s e v er e fir e d a n g er t h at aff e cts h e alt h a n d s af et y f or t h e st at e’s 
i n h a bit a nts d u e t o t h e i n h er e nt d a n g er t h at fir e p os es a n d t h e eff e cts of wil dfir e s m o k e o n h u m a n 
h e alt h ( Li u 2 0 1 5). L o w s n o w p a c k c a n als o a c c el er at e t h e d e pl eti o n of M o nt a n a’s w at er r es o ur c es 
l e a di n g t o l o w w at er l e v els a n d hi g h er a v er a g e t e m p er at ur es w hi c h aff e cts t h e h e alt h of 
M o nt a n a’s w at er w a ys. T h er ef or e,  f a ct ors t h at i m p a cts s n o wf all, li k e t h e S o ut h er n Os cill ati o n, 
c a n h a v e a n i ndir e ct i m p a ct o n t h e w elf ar e of s o ci et y a n d e n vir o n m e nt. 

S o ut h er n Os cill ati o n/ El Ni ñ o C y cl e 
T h e S o ut h er n Os cill ati o n, or El Ni ñ o/ L a Ni ñ a c y cl e, is a p h e n o m e n o n m e as ur e d b y t h e 

t e m p er at ur e s hifts i n r e gi o ns of t h e P a cifi c O c e a n. T his p h e n o m e n o n h as a n i nfl u e n c e o n 
i nt er c o n n e ct e d w e at h er p att er ns a cr oss t h e gl o b e, b ut m ost of its i nfl u e n c e is f elt o n c o nti n e nts 
t h at b or d er t h e P a cifi c O c e a n. W hil e t h e m e as ur e m e nt of t h e E N S O s e v erit y a n d p h as e is still 
dis p ut e d, t h e O c e a ni c Ni ñ o I n d e x ( O NI) is t h e st a n d ar d of m e as ur e m e nt f or N O A A ( N ati o n al 
O c e a ni c a n d At m os p h eri c A d mi nistr ati o n). T h e O NI is d eri v e d fr o m a v er a gi n g s e a s urf a c e 
t e m p er at ur e a n o m ali es i n t h e Ni ñ o 3. 4 r e gi o n ( 1 7 0 ° W – 1 2 0 ° W; 5 ° S – 5 ° N) o v er t hr e e m o nt hs 



( N O A A 2 0 1 7). 

Fi g ur e 1 

W h e n t h es e a v er a g e a n o m ali es ar e gr e at er t h a n 0. 5 ° C, it i n di c at es t h e El Ni ñ o p h as e of 
E N S O, a n d w h e n a v er a g e a n o m ali es ar e - 0. 5 ° C or l ess it i n di c at es t h e L a Ni ñ a p h as e of E N S O. 
T h e El Ni ñ o p h as e of E N S O t e n ds t o bri n g w ar m er a n d dri er c o n diti o ns d uri n g wi nt ers i n 
M o nt a n a w h e n c o m p ar e d t o n e utr al or L a Ni ñ a p h as e wi nt ers ( Ni g a m 2 0 2 1). T h e str o n g est 
r e c or d e d El Ni ñ o e v e nt i n r e c e nt hist or y w as d uri n g t h e e arl y wi nt er of 2 0 1 5- 2 0 1 6, o v er t h e 
m o nt hs of N o v e m b er, D e c e m b er, a n d J a n u ar y t h e m e a n s e a s urf a c e t e m p er at ur e a n o m ali es w as 
m e as ur e d t o b e 2. 6 C. E v e n wit h t h e str o n g est El Ni ñ o i n r e c e nt hist or y, m a n y p arts of t h e st at e 
of M o nt a n a s a w i n cr e as es i n s n o wf all fr o m t h e pr e vi o us w e a k  El Ni ñ o s e as o n. T his d e m o nstr at es 
t h e n e e d t o us e a l ar g e s et of hist ori c al d at a t o i d e ntif y t h e l o n g-t er m p att er ns a n d r el ati o ns hi ps 
ass o ci at e d wit h E N S O a n d M o nt a n a s n o wf all. 

S N O T E L a n d S W E 
T h e S N O T E L pr o gr a m is m a n a g e d b y t h e U S D A ’s N at ur al R es o ur c es C o ns er v ati o n 

S er vi c e ( N R C S) a n d h as 9 0 0 r e m ot e m o nit ori n g sit es a cr oss t h e c o u ntr y m e as uri n g 
m et e or ol o gi c al d at a, s n o w d e pt h, a n d s n o w- w at er e q ui v al e nt ( S W E). S n o w w at er e q ui v al e nt is a 
m e as ur e of t h e a m o u nt of w at er c o nt ai n e d wit hi n s n o w, S W E is pr ef err e d as s n o w d e pt h c a n n ot 
q u a ntif y t h e t y p e of s n o w t h at is pr es e nt, n or t h e w at er c o nt ai n e d wit hi n. M a n y of t h e 9 6 sit es 
wit hi n M o nt a n a h a v e S W E d at a d ati n g b a c k t o t h e 1 9 7 0’s m a ki n g it i d e al f or m e as uri n g l o n g 
t er m p att er ns. T h e A pril 1st S W E r e a di n g h as b e e n us e d as a m e as ur e m e nt of h o w m u c h t ot al 
r u n off fr o m s n o w c a n b e a nti ci p at e d i n t h e f oll o wi n g s u m m er’s w ar m er t e m p er at ur es ( S err e z e 
1 9 9 9). 

H y p ot h esis 
Wit h t h e y e ar-t o- y e ar diff er e n c e i n s n o wf all t hr o u g h o ut diff er e nt m o u nt ai n r a n g es a n d 

w at ers h e ds i n M o nt a n a, I e x p e ct t o s e e a st atisti c al diff er e n c e i n h o w t h e E N S O c y cl e eff e cts 
S W E wit hi n e a c h r e gi o n of M o nt a n a. If t h er e is n o c o nsist e nt g e o gr a p hi c p att er n i n t h e w a y t h at 
E N S O c y cl e eff e cts A pril 1 st S W E r e a di n gs, t h e n t h er e s h o ul d b e n o si g nifi c a nt diff er e n c e 
b et w e e n w at ers h e ds. 

M et h o ds 
T o b e gi n t h e first p art of t his a n al ysis, S N O T E L S W E d at a o n A pril 1 st w a s c oll e ct e d 

fr o m all S N O T E L sit es d ati n g b a c k t o 1 9 6 4. T h es e A pril 1st S W E w er e t h e n a v er a g e d f or e a c h 
sit e t o c o m p ar e t h e y e ar-t o- y e ar d at a t o t h e a v er a g e si n c e 1 9 6 4. Sit es w er e s ort e d i nt o w at ers h e d 
gr o u ps b as e d off of t h e U S D A’s gr o u pi n g of S N O T E L w at ers h e ds : Fl at h e a d Ri v er, K o ot e n ai 
Ri v er, U p p er Cl ar k F or k Ri v er, Bitt err o ot, J eff ers o n, M a dis o n, G all ati n, U p p er Yell o wst o n e, 
S mit h /J u dit h/ M uss els h ell Ri v ers ( SJ M) , a n d S u n/ Tet o n/ M ari as Ri v ers ( S T M). Mil k a n d St. 
M ar y’s w at ers h e ds w er e n ot i n cl u d e d b e c a us e t h er e w er e o nl y o n e a n d t w o sit es r es p e cti v el y. El 
Ni ñ o p h as e a n d s e v erit y w er e t h e n a v er a g e d t o s ort t h e b e gi n ni n g of e a c h w at er y e ar ( O ct- M a y) 
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of d at a i nt o fi v e c at e g ori es, L a Ni ñ a (- 1. 0 or gr e at er), We a k L a Ni ñ a (-. 5 t o -. 9 9), N e utr al (-. 5 t o 
. 5), We a k El Ni ñ o (. 5 t o . 9 9), El Ni ñ o ( 1. 0 or gr e at er). 

E a c h  gr o u p’s d e vi ati o n fr o m e a c h sit e’s l o n g-t er m a v er a g e a n o m al y w er e t h e n 
pl u g g e d i nt o a n A N O V A t est t o s e e if t h er e w as a diff er e n c e t hr o u g h o ut all w at ers h e ds. T h e n a 
T u k e y H S D w as us e d t o c o m p ar e t h e A pril 1 st S W E r e a di n gs t o s e e t h e eff e ct of e a c h p h as e a n d 
s e v erit y of E N S O o n e a c h w at ers h e d gr o u p of S N O T E L sit es. 

R e s ults 
Aft er r u n ni n g a si n gl e f a ct or A N O V A o n e a c h p h as e of t h e E N S O c y cl e t h er e w as a 

si g nifi c a nt diff er e n c e i n a v er a g e S W E o n A pril 1 st b et w e e n w at ers h e ds. As t h e p h as e c h a n g es, 
t h e w at ers h e d c o m bi n ati o ns t h at ar e si g nifi c a ntl y diff er e nt c h a n g e as w ell. T h e g e n er al tr e n d is 
t h at t h e N W K o ot e n ai a n d Fl at h e a d w at ers h e ds ar e f o u n d t o b e si g nifi c a ntl y diff er e nt t o t h e 
S o ut h- C e ntr al J eff ers o n a n d U p p er Yell o wst o n e b asi ns i n m or e p h as es t h a n a n y ot h er. 

Fi g ur e 2 

L a Ni ñ a 
T h e L a Ni ñ a p h as e s a w si g nifi c a nt diff er e n c es b et w e e n m ulti pl e w at ers h e ds. W hil e all 

b asi ns s a w si g nifi c a nt i n cr e as es i n S W E o n A pril first i n t h es e y e ars, t h e c h a n g e i n a v er a g e S W E 
i n t h e K o ot e n ai w at ers h e d w as  f o u n d t o b e si g nifi c a ntl y diff er e nt t h a n t h e U p p er Yell o wst o n e, 
J eff ers o n, a n d t h e SJ M b asi ns. T h e Fl at h e a d w at ers h e d w as als o f o u n d t o b e si g nifi c a ntl y 
diff er e nt t h a n b ot h t h e J eff ers o n a n d SJ M b asi ns ( Ta bl e 2). 

All w at ers h e ds s a w i n cr e as e d S W E o n a v er a g e o n t h e A pril 1 st r e a di n gs d uri n g t h e L a 
Ni ñ a p h as e ( Ta bl e 1). T his is c o nsist e nt wit h e x p e ct e d i n cr e as es i n pr e ci pit ati o n a n d c o ol er 
t e m p er at ur es d uri n g t h e L a Ni ñ a P h as e of t h e E N S O c y cl e. 

Fi g ur e 3 

T a bl e 1 

1 4 

1 2 

1 0 

8 

- 2 

- 4 

K o ot e n ai 

M a di s o n 

L a Ni n a W at e r s h e d C o m p a ri s o n 

Fl at h e a d U p p er Cl ar k Bitt err o ot J eff er s o n 

G alliti n U p p er Y ell o w st o n e S J M S T M 



A N O V A: Si n gl e F a ct or 

D E S C RI P TI O N Al p h a 0. 0 5 

Gr o u p C o u nt S u m M e a n V ari a n c e SS St d  Err L o w er U p p er 

K o ot e n ai 6 3 8. 3 5 2 0 1 6. 3 9 2 0 0 2 1 2. 2 8 4 3 6 6 1. 4 2 1 7 9 0. 9 1 1 9 7 4. 5 7 6 7 7 1 8. 2 0 7 2 3 3 

Fl at h e a d 1 2 5 9. 1 3 5 3 9 4. 9 2 7 9 4 9 2. 1 0 7 5 7 6 2 3. 1 8 3 3 4 0. 6 4 4 8 6 3. 6 4 4 3 8 7 6. 2 1 1 5 1 1 

U p p er Cl ar k 1 4 4 3. 9 1 6 2 1 3. 1 3 6 8 7 2 8. 4 6 7 9 9 4 1 1 0. 0 8 3 9 0. 5 9 7 0 2 4 1. 9 4 8 5 2 5 4. 3 2 5 2 2 

Bitt err o ot 3 1 2. 2 7 1 0 9 4. 0 9 0 3 6 4 4. 4 1 1 5 2 5 8. 8 2 3 0 5 1. 2 8 9 7 2 1. 5 2 3 2 4 6. 6 5 7 4 8 7 

J eff er s o n 1 3 1 8. 0 4 5 3 1. 3 8 8 1 2. 7 7 1 4 1 4 3 3. 2 5 6 9 7 0. 6 1 9 5 6 2 0. 1 5 4 8 9 3 2. 6 2 1 3 0 6 

M a di s o n 1 0 3 3. 8 4 9 5 3 3. 3 8 4 9 5 3 5. 5 5 2 9 7 2 4 9. 9 7 6 7 5 0. 7 0 6 4 0 9 1. 9 7 8 8 8 1 4. 7 9 1 0 2 5 

G alliti n 7 2 1. 1 3 6 7 9 3. 0 1 9 5 4 1 1. 5 8 7 8 4 8 9. 5 2 7 0 8 9 0. 8 4 4 3 2 1. 3 3 8 9 6 4 4. 7 0 0 1 1 8 

U p p er Y ell o w s to n e 1 3 3 1. 6 8 1 9 9 2. 4 3 7 0 7 6 6. 7 9 5 3 4 5 8 1. 5 4 4 1 4 0. 6 1 9 5 6 2 1. 2 0 3 8 7 3. 6 7 0 2 8 3 

SJ M 6 7. 7 2 6 1 1. 2 8 7 6 8 3 0. 6 9 4 3 4 5 3. 4 7 1 7 2 4 0. 9 1 1 9 7 - 0. 5 2 7 5 5 3. 1 0 2 9 1 4 

S T M 5 1 6. 1 7 7 4 2 3. 2 3 5 4 8 5 3. 2 3 2 9 7 1 2. 9 3 1 8 8 0. 9 9 9 0 1 3 1. 2 4 6 9 9 9 5. 2 2 3 9 7 

A N O V A 

S o ur c e s SS df M S F P v al u e Et a- s q R M S S E O m e g a S q 

B et w e e n G ro u p s1 7 2. 0 8 9 8 9 1 9. 1 2 1 0 9 3. 8 3 1 7 7 8 0. 0 0 0 4 6 9 0. 3 0 3 8 7 9 0. 6 9 0 1 6 5 0. 2 2 2 6 1 2 

Wit hi n Gr o u p s3 9 4. 2 2 0 7 7 9 4. 9 9 0 1 3 5 

T ot al 5 6 6. 3 1 0 5 8 8 6. 4 3 5 3 4 6 

T a bl e 2 



T U K E Y H S D/ K R A M E R al p h a 0. 0 5 

gr o u p m e a n n s s df q- crit 

K o ot e n ai 6. 3 9 2 0 0 2 6 6 1. 4 2 1 7 9 

Fl at h e a d 4. 9 2 7 9 4 9 1 2 2 3. 1 8 3 3 4 

U p p er Cl ar k3. 1 3 6 8 7 2 1 4 1 1 0. 0 8 3 9 

Bitt err o ot 4. 0 9 0 3 6 4 3 8. 8 2 3 0 5 

J eff er s o n 1. 3 8 8 1 1 3 3 3. 2 5 6 9 7 

M a di s o n 3. 3 8 4 9 5 3 1 0 4 9. 9 7 6 7 5 

G alliti n 3. 0 1 9 5 4 1 7 9. 5 2 7 0 8 9 

U p p er Y ell o w s to n e2. 4 3 7 0 7 6 1 3 8 1. 5 4 4 1 4 

SJ M 1. 2 8 7 6 8 3 6 3. 4 7 1 7 2 4 

S T M 3. 2 3 5 4 8 5 5 1 2. 9 3 1 8 8 

8 9 3 9 4. 2 2 0 7 7 9 4. 6 0 4 6 3 3 

Q T E S T 

gr o u p 1 gr o u p 2 m e a n st d err q- st at l o w er u p p er p- v al u e m e a n- crit C o h e n d 

K o ot e n ai Fl at h e a d 1. 4 6 4 0 5 3 0. 7 8 9 7 8 9 1. 8 5 3 7 2 7 - 2. 1 7 2 6 4 5. 1 0 0 7 4 2 0. 9 4 8 2 6 4 3. 6 3 6 6 8 9 0. 6 5 5 3 9 1 

K o ot e n ai U p p er Cl ar k 3. 2 5 5 1 3 0. 7 7 0 7 5 5 4. 2 2 3 2 9 9 - 0. 2 9 3 9 2 6. 8 0 4 1 7 5 0. 1 0 0 0 8 6 3. 5 4 9 0 4 5 1. 4 5 7 1 7 7 

K o ot e n ai Bitt err o ot 2. 3 0 1 6 3 9 1. 1 1 6 9 3 2. 0 6 0 6 8 2 - 2. 8 4 1 4 2 7. 4 4 4 6 9 3 0. 9 0 4 4 9 6 5. 1 4 3 0 5 5 1. 0 3 0 3 4 1 

K o ot e n ai J eff er s o n 5. 0 0 3 9 0 2 0. 7 7 9 5 9 8 6. 4 1 8 5 6 8 1. 4 1 4 1 4 8. 5 9 3 6 6 4 0. 0 0 0 8 3. 5 8 9 7 6 2 2. 2 4 0 0 2 4 

K o ot e n ai M a di s o n 3. 0 0 7 0 4 9 0. 8 1 5 6 9 1 3. 6 8 6 5 0 7 - 0. 7 4 8 9 1 6. 7 6 3 0 0 5 0. 2 3 2 0 2 7 3. 7 5 5 9 5 6 1. 3 4 6 1 2 2 

K o ot e n ai G alliti n 3. 3 7 2 4 6 1 0. 8 7 8 7 9 6 3. 8 3 7 5 9 2 - 0. 6 7 4 0 7 7. 4 1 8 9 9 5 0. 1 8 6 3 5 5 4. 0 4 6 5 3 4 1. 5 0 9 7 0 1 

K o ot e n ai U p p er Y ell o w s to n e3. 9 5 4 9 2 6 0. 7 7 9 5 9 8 5. 0 7 3 0 3 3 0. 3 6 5 1 6 4 7. 5 4 4 6 8 8 0. 0 1 9 3 6 2 3. 5 8 9 7 6 2 1. 7 7 0 4 4 4 

K o ot e n ai SJ M 5. 1 0 4 3 1 9 0. 9 1 1 9 7 5. 5 9 7 0 2 5 0. 9 0 5 0 3 2 9. 3 0 3 6 0 6 0. 0 0 6 0 2 1 4. 1 9 9 2 8 7 2. 2 8 4 9 7 6 

K o ot e n ai S T M 3. 1 5 6 5 1 8 0. 9 5 6 4 8 2 3. 3 0 0 1 3 2 - 1. 2 4 7 7 3 7. 5 6 0 7 6 7 0. 3 7 9 8 2 4 4. 4 0 4 2 4 9 1. 4 1 3 0 3 2 

Fl at h e a d U p p er Cl ar k1. 7 9 1 0 7 7 0. 6 2 1 4 0 3 2. 8 8 2 3 1 2 - 1. 0 7 0 2 5 4. 6 5 2 4 0 8 0. 5 7 5 5 0 5 2. 8 6 1 3 3 2 0. 8 0 1 7 8 5 

Fl at h e a d Bitt err o ot 0. 8 3 7 5 8 5 1. 0 1 9 6 1 3 0. 8 2 1 4 7 4 - 3. 8 5 7 3 6 5. 5 3 2 5 3 1 0. 9 9 9 8 8 4. 6 9 4 9 4 5 0. 3 7 4 9 5 

Fl at h e a d J eff er s o n 3. 5 3 9 8 4 9 0. 6 3 2 3 3 7 5. 5 9 8 0 3 9 0. 6 2 8 1 6 8 6. 4 5 1 5 3 1 0. 0 0 6 0 0 6 2. 9 1 1 6 8 1 1. 5 8 4 6 3 3 

Fl at h e a d M a di s o n 1. 5 4 2 9 9 6 0. 6 7 6 3 3 5 2. 2 8 1 4 0 8 - 1. 5 7 1 2 8 4. 6 5 7 2 7 0. 8 3 7 7 7 2 3. 1 1 4 2 7 4 0. 6 9 0 7 3 1 

Fl at h e a d G alliti n 1. 9 0 8 4 0 8 0. 7 5 1 2 3 9 2. 5 4 0 3 4 6 - 1. 5 5 0 7 7 5. 3 6 7 5 8 9 0. 7 3 5 4 6 4 3. 4 5 9 1 8 1 0. 8 5 4 3 0 9 

Fl at h e a d U p p er Y ell o w s to n e2. 4 9 0 8 7 2 0. 6 3 2 3 3 7 3. 9 3 9 1 5 1 - 0. 4 2 0 8 1 5. 4 0 2 5 5 4 0. 1 5 9 5 5 8 2. 9 1 1 6 8 1 1. 1 1 5 0 5 3 

Fl at h e a d SJ M 3. 6 4 0 2 6 6 0. 7 8 9 7 8 9 4. 6 0 9 1 6 1 0. 0 0 3 5 7 7 7. 2 7 6 9 5 5 0. 0 4 9 5 4 6 3. 6 3 6 6 8 9 1. 6 2 9 5 8 5 

Fl at h e a d S T M 1. 6 9 2 4 6 4 0. 8 4 0 7 9 5 2. 0 1 2 9 3 4 - 2. 1 7 9 0 9 5. 5 6 4 0 1 5 0. 9 1 6 1 8 9 3. 8 7 1 5 5 1 0. 7 5 7 6 4 1 

U p p er Cl ar kBitt err o ot 0. 9 5 3 4 9 1 1. 0 0 4 9 4 2 0. 9 4 8 8 0 3 - 3. 6 7 3 9 5. 5 8 0 8 8 0. 9 9 9 6 0 7 4. 6 2 7 3 8 9 0. 4 2 6 8 3 6 

U p p er Cl ar kJ eff er s o n 1. 7 4 8 7 7 2 0. 6 0 8 3 9 7 2. 8 7 4 3 9 1 - 1. 0 5 2 6 7 4. 5 5 0 2 1 9 0. 5 7 9 3 4 5 2. 8 0 1 4 4 7 0. 7 8 2 8 4 7 

U p p er Cl ar kM a di s o n 0. 2 4 8 0 8 1 0. 6 5 4 0 0 8 0. 3 7 9 3 2 4 - 2. 7 6 3 3 8 3. 2 5 9 5 4 6 1 3. 0 1 1 4 6 5 0. 1 1 1 0 5 5 

U p p er Cl ar kG alliti n 0. 1 1 7 3 3 1 0. 7 3 1 2 0 3 0. 1 6 0 4 6 3 - 3. 2 4 9 5 9 3. 4 8 4 2 5 1 1 3. 3 6 6 9 2 0. 0 5 2 5 2 4 

U p p er Cl ar kU p p er Y ell o w s to n e0. 6 9 9 7 9 6 0. 6 0 8 3 9 7 1. 1 5 0 2 2 8 - 2. 1 0 1 6 5 3. 5 0 1 2 4 2 0. 9 9 8 1 8 1 2. 8 0 1 4 4 7 0. 3 1 3 2 6 7 

U p p er Cl ar kSJ M 1. 8 4 9 1 8 9 0. 7 7 0 7 5 5 2. 3 9 9 1 9 1 - 1. 6 9 9 8 6 5. 3 9 8 2 3 4 0. 7 9 4 0 9 3. 5 4 9 0 4 5 0. 8 2 7 7 9 9 

U p p er Cl ar kS T M 0. 0 9 8 6 1 2 0. 8 2 2 9 4 1 0. 1 1 9 8 2 9 - 3. 6 9 0 7 3 3. 8 8 7 9 5 6 1 3. 7 8 9 3 4 3 0. 0 4 4 1 4 4 

Bitt err o ot J eff er s o n 2. 7 0 2 2 6 4 1. 0 1 1 7 4 2. 6 7 0 9 0 8 - 1. 9 5 6 4 3 7. 3 6 0 9 5 4 0. 6 7 6 5 0 3 4. 6 5 8 6 9 1. 2 0 9 6 8 3 

Bitt err o ot M a di s o n 0. 7 0 5 4 1 1 1. 0 3 9 8 0 6 0. 6 7 8 4 0 6 - 4. 0 8 2 5 1 5. 4 9 3 3 3 4 0. 9 9 9 9 7 6 4. 7 8 7 9 2 4 0. 3 1 5 7 8 1 

Bitt err o ot G alliti n 1. 0 7 0 8 2 3 1. 0 9 0 0 1 3 0. 9 8 2 3 9 5 - 3. 9 4 8 2 8 6. 0 8 9 9 3 0. 9 9 9 4 7 9 5. 0 1 9 1 0 8 0. 4 7 9 3 6 

Bitt err o ot U p p er Y ell o w s to n e1. 6 5 3 2 8 7 1. 0 1 1 7 4 1. 6 3 4 1 0 3 - 3. 0 0 5 4 6. 3 1 1 9 7 7 0. 9 7 6 8 0 3 4. 6 5 8 6 9 0. 7 4 0 1 0 3 

Bitt err o ot SJ M 2. 8 0 2 6 8 1. 1 1 6 9 3 2. 5 0 9 2 7 - 2. 3 4 0 3 7 7. 9 4 5 7 3 5 0. 7 4 8 8 8 8 5. 1 4 3 0 5 5 1. 2 5 4 6 3 5 

Bitt err o ot S T M 0. 8 5 4 8 7 9 1. 1 5 3 5 6 1 0. 7 4 1 0 7 8 - 4. 4 5 6 8 5 6. 1 6 6 6 0 3 0. 9 9 9 9 5 5. 3 1 1 7 2 4 0. 3 8 2 6 9 1 

J eff er s o n M a di s o n 1. 9 9 6 8 5 3 0. 6 6 4 4 0 6 3. 0 0 5 4 7 2 - 1. 0 6 2 4 9 5. 0 5 6 1 9 8 0. 5 1 5 9 0 1 3. 0 5 9 3 4 5 0. 8 9 3 9 0 2 

J eff er s o n G alliti n 1. 6 3 1 4 4 1 0. 7 4 0 5 1 8 2. 2 0 3 1 0 9 - 1. 7 7 8 3 7 5. 0 4 1 2 5 3 0. 8 6 3 7 9 3 3. 4 0 9 8 1 2 0. 7 3 0 3 2 3 

J eff er s o n U p p er Y ell o w s to n e1. 0 4 8 9 7 7 0. 6 1 9 5 6 2 1. 6 9 3 0 9 5 - 1. 8 0 3 8 8 3. 9 0 1 8 3 0. 9 7 0 7 2 3 2. 8 5 2 8 5 4 0. 4 6 9 5 8 

J eff er s o n SJ M 0. 1 0 0 4 1 7 0. 7 7 9 5 9 8 0. 1 2 8 8 0 6 - 3. 4 8 9 3 5 3. 6 9 0 1 7 9 1 3. 5 8 9 7 6 2 0. 0 4 4 9 5 2 

J eff er s o n S T M 1. 8 4 7 3 8 5 0. 8 3 1 2 2 9 2. 2 2 2 4 7 4 - 1. 9 8 0 1 2 5. 6 7 4 8 8 9 0. 8 5 7 5 9 3 3. 8 2 7 5 0 5 0. 8 2 6 9 9 2 

M a di s o n G alliti n 0. 3 6 5 4 1 2 0. 7 7 8 4 2 5 0. 4 6 9 4 2 5 - 3. 2 1 8 9 5 3. 9 4 9 7 7 2 0. 9 9 9 9 9 9 3. 5 8 4 3 6 0. 1 6 3 5 7 9 

M a di s o n U p p er Y ell o w s to n e0. 9 4 7 8 7 7 0. 6 6 4 4 0 6 1. 4 2 6 6 5 3 - 2. 1 1 1 4 7 4. 0 0 7 2 2 1 0. 9 9 0 9 1 1 3. 0 5 9 3 4 5 0. 4 2 4 3 2 2 

M a di s o n SJ M 2. 0 9 7 2 7 0. 8 1 5 6 9 1 2. 5 7 1 1 5 8 - 1. 6 5 8 6 9 5. 8 5 3 2 2 6 0. 7 2 1 9 0 2 3. 7 5 5 9 5 6 0. 9 3 8 8 5 4 

M a di s o n S T M 0. 1 4 9 4 6 8 0. 8 6 5 1 7 1 0. 1 7 2 7 6 2 - 3. 8 3 4 3 2 4. 1 3 3 2 6 2 1 3. 9 8 3 7 9 3 0. 0 6 6 9 1 

G alliti n U p p er Y ell o w s to n e0. 5 8 2 4 6 4 0. 7 4 0 5 1 8 0. 7 8 6 5 6 4 - 2. 8 2 7 3 5 3. 9 9 2 2 7 7 0. 9 9 9 9 1 7 3. 4 0 9 8 1 2 0. 2 6 0 7 4 3 

G alliti n SJ M 1. 7 3 1 8 5 8 0. 8 7 8 7 9 6 1. 9 7 0 7 1 6 - 2. 3 1 4 6 8 5. 7 7 8 3 9 1 0. 9 2 5 7 1 7 4. 0 4 6 5 3 4 0. 7 7 5 2 7 5 

G alliti n S T M 0. 2 1 5 9 4 4 0. 9 2 4 9 0 6 0. 2 3 3 4 7 6 - 4. 0 4 2 9 1 4. 4 7 4 7 9 8 1 4. 2 5 8 8 5 4 0. 0 9 6 6 6 8 

U p p er Y ell o w s to n eSJ M 1. 1 4 9 3 9 3 0. 7 7 9 5 9 8 1. 4 7 4 3 4 1 - 2. 4 4 0 3 7 4. 7 3 9 1 5 5 0. 9 8 8 5 2 5 3. 5 8 9 7 6 2 0. 5 1 4 5 3 2 

U p p er Y ell o w s to n eS T M 0. 7 9 8 4 0 8 0. 8 3 1 2 2 9 0. 9 6 0 5 1 5 - 3. 0 2 9 1 4. 6 2 5 9 1 3 0. 9 9 9 5 6 5 3. 8 2 7 5 0 5 0. 3 5 7 4 1 2 

SJ M S T M 1. 9 4 7 8 0 1 0. 9 5 6 4 8 2 2. 0 3 6 4 2 2 - 2. 4 5 6 4 5 6. 3 5 2 0 5 0. 9 1 0 5 5 9 4. 4 0 4 2 4 9 0. 8 7 1 9 4 4 

We a k L a Ni ñ a 
D uri n g t h e y e ars of a w e a k L a Ni ñ a t h er e w er e o nl y 3 c o m p aris o ns t h at yi el d e d a 

si g nifi c a nt diff er e n c e. T h e M a dis o n w at ers h e d s a w a n a v er a g e d e cr e as e i n S W E d uri n g t h es e 
y e ars, t his m a d e it si g nifi c a ntl y diff er e nt fr o m t h e Fl at h e a d a n d t h e U p p er Cl ar k F or k w at ers h e ds 
w hi c h s a w a sli g ht i n cr e as e. W hil e t h e G all ati n als o s a w a d e cr e as e i n S W E d uri n g t h e w e a k L a 
Ni ñ a p h as e, it w as o nl y f o u n d t o b e si g nifi c a ntl y diff er e nt fr o m t h e U p p er Cl ar k F or k B asi n 
( Ta bl e 3). 

N ot all w at ers h e ds s a w a n i n cr e as e i n S W E d uri n g t h e We a k L a Ni ñ a p h as e. W hil e m ost 
w at ers h e ds s a w i n cr e as es i n S W E fr o m t h e ir a v er a g e, n o n e of w hi c h s a w t h eir m e a n i n cr e as e 
m or e t h a n o n e S W E a n o m al y ( T a bl e 4). B ot h t h e M a dis o n a n d G all ati n w at ers h e ds s a w a sli g ht 
d e cr e as e i n a v er a g e A pril 1 st S W E w hi c h hi g hli g hts h o w m u c h of a n eff e ct t h e s e v erit y of t h e 
E N S O p h as e c a n h a v e o n A v er a g e ∆  i n S W E. 



Fi g ur e 4 

T a bl e 3 

A N O V A: Si n gl e F a ct or 

D E S C RI P TI O N Al p h a 0. 0 5 

Gr o u p C o u nt S u m M e a n V ari a n c e SS St d Err L o w er U p p er 

K o ot e n ai 6 2. 3 7 7 3 0 5 0. 3 9 6 2 1 7 1. 2 7 1 7 3 6 6. 3 5 8 6 7 9 0. 3 0 1 8 1 5 - 0. 2 0 4 5 3 0. 9 9 6 9 6 6 

Fl at h e a d 1 2 9. 2 4 2 2 0 5 0. 7 7 0 1 8 4 0. 7 6 2 6 4 8. 3 8 9 0 3 9 0. 2 1 3 4 1 6 0. 3 4 5 3 9 1 1. 1 9 4 9 7 7 

U p p er Cl ar k 1 4 1 3. 9 2 6 6 6 0. 9 9 4 7 6 2 0. 5 5 7 9 8 2 7. 2 5 3 7 6 3 0. 1 9 7 5 8 4 0. 6 0 1 4 8 1. 3 8 8 0 4 4 

Bitt err o ot 3 1. 9 1 1 0 9 1 0. 6 3 7 0 3 0. 1 6 7 2 8 3 0. 3 3 4 5 6 6 0. 4 2 6 8 3 1 - 0. 2 1 2 5 6 1. 4 8 6 6 1 7 

J eff er s o n 1 3 3. 6 1 3 9 0 2 0. 2 7 7 9 9 2 0. 3 1 7 8 2 6 3. 8 1 3 9 1 8 0. 2 0 5 0 4 3 - 0. 1 3 0 1 4 0. 6 8 6 1 2 1 

M a di s o n 1 0 - 4. 2 6 0 5 7 - 0. 4 2 6 0 6 0. 6 7 3 0 7 9 6. 0 5 7 7 0 8 0. 2 3 3 7 8 5 - 0. 8 9 1 3 9 0. 0 3 9 2 8 1 

G all ati n 7 - 1. 6 0 9 8 6 - 0. 2 2 9 9 8 0. 7 2 4 8 4 4. 3 4 9 0 3 7 0. 2 7 9 4 2 7 - 0. 7 8 6 1 6 0. 3 2 6 2 0 5 

U p p er Y ell o w s to n e 1 3 3. 7 1 9 7 6 5 0. 2 8 6 1 3 6 0. 3 3 7 4 4 4. 0 4 9 2 7 5 0. 2 0 5 0 4 3 - 0. 1 2 1 9 9 0. 6 9 4 2 6 4 

SJ M 6 1. 9 6 3 6 0. 3 2 7 2 6 7 0. 0 4 6 3 1 0. 2 3 1 5 5 0. 3 0 1 8 1 5 - 0. 2 7 3 4 8 0. 9 2 8 0 1 5 

S T M 5 0. 7 8 2 1 9 5 0. 1 5 6 4 3 9 0. 5 8 5 0 7 5 2. 3 4 0 2 9 9 0. 3 3 0 6 2 2 - 0. 5 0 1 6 5 0. 8 1 4 5 2 6 

A N O V A 

S o ur c e s SS df M S F P v al u e Et a- s q R M S S E O m e g a S q 

B et w e e n G ro u p s1 6. 8 8 3 8 2 9 1. 8 7 5 9 8 3. 4 3 2 3 7 2 0. 0 0 1 3 0 4 0. 2 8 1 1 0 8 0. 5 7 9 7 0 6 0. 1 9 7 4 1 3 

Wit hi n Gr o u p s4 3. 1 7 7 8 4 7 9 0. 5 4 6 5 5 5 

T ot al 6 0. 0 6 1 6 5 8 8 0. 6 8 2 5 1 9 

T a bl e 4 

W e a k L a Ni n a W at e r S h e d C o m p a r si o n 

K o ot e n ai Fl at h e a d U p p er Cl ar k Bitt err o ot J eff er s o n 

M a di s o n G all ati n U p p er Y ell o w st o n e S J M S T M 

3 

2 .5 

2 
w 
?;: 1. 5 
(/) 

.!: 1 
<I 0 . 5 ., 
t > D 0 "' .; 

- 0. 5 

- 1 

- 1 .5 

- 2 

1 



T U K E Y H S D/ K R A M E R al p h a 0. 0 5 

gr o u p m e a n n s s df q- crit 

K o ot e n ai 0. 3 9 6 2 1 7 6 6. 3 5 8 6 7 9 

Fl at h e a d 0. 7 7 0 1 8 4 1 2 8. 3 8 9 0 3 9 

U p p er Cl ar k0. 9 9 4 7 6 2 1 4 7. 2 5 3 7 6 3 

Bitt err o ot 0. 6 3 7 0 3 3 0. 3 3 4 5 6 6 

J eff er s o n 0. 2 7 7 9 9 2 1 3 3. 8 1 3 9 1 8 

M a di s o n - 0. 4 2 6 0 6 1 0 6. 0 5 7 7 0 8 

G all ati n - 0. 2 2 9 9 8 7 4. 3 4 9 0 3 7 

U p p er Y ell o w s to n e0. 2 8 6 1 3 6 1 3 4. 0 4 9 2 7 5 

SJ M 0. 3 2 7 2 6 7 6 0. 2 3 1 5 5 

S T M 0. 1 5 6 4 3 9 5 2. 3 4 0 2 9 9 

8 9 4 3. 1 7 7 8 4 7 9 4. 6 0 4 6 3 3 

Q T E S T 

gr o u p 1 gr o u p 2 m e a n st d err q- st at l o w er u p p er p- v al u e m e a n- crit C o h e n d 

K o ot e n ai Fl at h e a d 0. 3 7 3 9 6 6 0. 2 6 1 3 8 1. 4 3 0 7 4 - 0. 8 2 9 5 9 1. 5 7 7 5 2 4 0. 9 9 0 7 2 3 1. 2 0 3 5 5 8 0. 5 0 5 8 4 3 

K o ot e n ai U p p er Cl ar k0. 5 9 8 5 4 4 0. 2 5 5 0 8 2. 3 4 6 4 9 2 - 0. 5 7 6 0 1 1. 7 7 3 0 9 6 0. 8 1 4 2 7 8 1. 1 7 4 5 5 2 0. 8 0 9 6 1 6 

K o ot e n ai Bitt err o ot 0. 2 4 0 8 1 3 0. 3 6 9 6 4 7 0. 6 5 1 4 6 7 - 1. 4 6 1 2 7 1. 9 4 2 9 0. 9 9 9 9 8 3 1. 7 0 2 0 8 8 0. 3 2 5 7 3 4 

K o ot e n ai J eff er s o n 0. 1 1 8 2 2 5 0. 2 5 8 0 0 7 0. 4 5 8 2 2 4 - 1. 0 6 9 8 1. 3 0 6 2 5 2 0. 9 9 9 9 9 9 1. 1 8 8 0 2 7 0. 1 5 9 9 1 6 

K o ot e n ai M a di s o n 0. 8 2 2 2 7 4 0. 2 6 9 9 5 2 3. 0 4 6 0 0 4 - 0. 4 2 0 7 5 2. 0 6 5 3 0 3 0. 4 9 6 4 6 2 1. 2 4 3 0 2 9 1. 1 1 2 2 4 3 

K o ot e n ai G all ati n 0. 6 2 6 1 9 7 0. 2 9 0 8 3 7 2. 1 5 3 0 9 1 - 0. 7 1 3 1. 9 6 5 3 9 3 0. 8 7 9 0 7 7 1. 3 3 9 1 9 5 0. 8 4 7 0 2 1 

K o ot e n ai U p p er Y ell o w s to n e0. 1 1 0 0 8 2 0. 2 5 8 0 0 7 0. 4 2 6 6 6 2 - 1. 0 7 7 9 5 1. 2 9 8 1 0 9 1 1. 1 8 8 0 2 7 0. 1 4 8 9 0 1 

K o ot e n ai SJ M 0. 0 6 8 9 5 1 0. 3 0 1 8 1 5 0. 2 2 8 4 5 4 - 1. 3 2 0 8 1. 4 5 8 7 1 1. 3 8 9 7 4 9 0. 0 9 3 2 6 6 

K o ot e n ai S T M 0. 2 3 9 7 7 8 0. 3 1 6 5 4 7 0. 7 5 7 4 8 2 - 1. 2 1 7 8 1. 6 9 7 3 5 9 0. 9 9 9 9 3 9 1. 4 5 7 5 8 1 0. 3 2 4 3 3 4 

Fl at h e a d U p p er Cl ar k0. 2 2 4 5 7 8 0. 2 0 5 6 5 2 1. 0 9 2 0 2 6 - 0. 7 2 2 3 8 1. 1 7 1 5 3 2 0. 9 9 8 7 8 7 0. 9 4 6 9 5 4 0. 3 0 3 7 7 4 

Fl at h e a d Bitt err o ot 0. 1 3 3 1 5 4 0. 3 3 7 4 4 0. 3 9 4 6 - 1. 4 2 0 6 3 1. 6 8 6 9 4 1 1. 5 5 3 7 8 6 0. 1 8 0 1 0 9 

Fl at h e a d J eff er s o n 0. 4 9 2 1 9 1 0. 2 0 9 2 7 1 2. 3 5 1 9 3 - 0. 4 7 1 4 3 1. 4 5 5 8 0 9 0. 8 1 2 2 4 2 0. 9 6 3 6 1 7 0. 6 6 5 7 5 9 

Fl at h e a d M a di s o n 1. 1 9 6 2 4 1 0. 2 2 3 8 3 2 5. 3 4 4 3 6 2 0. 1 6 5 5 7 5 2. 2 2 6 9 0 6 0. 0 1 0 7 1 3 1. 0 3 0 6 6 5 1. 6 1 8 0 8 6 

Fl at h e a d G all ati n 1. 0 0 0 1 6 4 0. 2 4 8 6 2 2 4. 0 2 2 8 3 3 - 0. 1 4 4 6 5 2. 1 4 4 9 7 5 0. 1 3 9 7 5 2 1. 1 4 4 8 1 2 1. 3 5 2 8 6 4 

Fl at h e a d U p p er Y ell o w s to n e0. 4 8 4 0 4 8 0. 2 0 9 2 7 1 2. 3 1 3 0 1 7 - 0. 4 7 9 5 7 1. 4 4 7 6 6 5 0. 8 2 6 5 6 7 0. 9 6 3 6 1 7 0. 6 5 4 7 4 4 

Fl at h e a d SJ M 0. 4 4 2 9 1 7 0. 2 6 1 3 8 1. 6 9 4 5 3 5 - 0. 7 6 0 6 4 1. 6 4 6 4 7 5 0. 9 7 0 5 6 1 1. 2 0 3 5 5 8 0. 5 9 9 1 0 9 

Fl at h e a d S T M 0. 6 1 3 7 4 5 0. 2 7 8 2 6 2. 2 0 5 6 5 2 - 0. 6 6 7 5 4 1. 8 9 5 0 3 0. 8 6 2 9 8 8 1. 2 8 1 2 8 5 0. 8 3 0 1 7 7 

U p p er Cl ar kBitt err o ot 0. 3 5 7 7 3 1 0. 3 3 2 5 8 4 1. 0 7 5 6 1 2 - 1. 1 7 3 7 1. 8 8 9 1 6 0. 9 9 8 9 2 4 1. 5 3 1 4 2 8 0. 4 8 3 8 8 3 

U p p er Cl ar kJ eff er s o n 0. 7 1 6 7 6 9 0. 2 0 1 3 4 8 3. 5 5 9 8 4 6 - 0. 2 1 0 3 7 1. 6 4 3 9 0 4 0. 2 7 5 7 2 3 0. 9 2 7 1 3 5 0. 9 6 9 5 3 3 

U p p er Cl ar kM a di s o n 1. 4 2 0 8 1 8 0. 2 1 6 4 4 3 6. 5 6 4 4 0 1 0. 4 2 4 1 7 8 2. 4 1 7 4 5 9 0. 0 0 0 5 4 8 0. 9 9 6 6 4 1. 9 2 1 8 6 

U p p er Cl ar kG all ati n 1. 2 2 4 7 4 2 0. 2 4 1 9 9 1 5. 0 6 1 1 1 2 0. 1 1 0 4 6 4 2. 3 3 9 0 1 9 0. 0 1 9 8 5 8 1. 1 1 4 2 7 8 1. 6 5 6 6 3 8 

U p p er Cl ar kU p p er Y ell o w s to n e0. 7 0 8 6 2 6 0. 2 0 1 3 4 8 3. 5 1 9 4 0 3 - 0. 2 1 8 5 1 1. 6 3 5 7 6 1 0. 2 9 0 6 9 6 0. 9 2 7 1 3 5 0. 9 5 8 5 1 8 

U p p er Cl ar kSJ M 0. 6 6 7 4 9 5 0. 2 5 5 0 8 2. 6 1 6 8 0 2 - 0. 5 0 7 0 6 1. 8 4 2 0 4 7 0. 7 0 1 3 8 9 1. 1 7 4 5 5 2 0. 9 0 2 8 8 2 

U p p er Cl ar kS T M 0. 8 3 8 3 2 3 0. 2 7 2 3 5 1 3. 0 7 8 0 9 1 - 0. 4 1 5 7 6 2. 0 9 2 4 0 1 0. 4 8 1 1 8 5 1. 2 5 4 0 7 8 1. 1 3 3 9 5 1 

Bitt err o ot J eff er s o n 0. 3 5 9 0 3 8 0. 3 3 4 8 3 4 1. 0 7 2 2 8 6 - 1. 1 8 2 7 5 1. 9 0 0 8 2 5 0. 9 9 8 9 5 1. 5 4 1 7 8 8 0. 4 8 5 6 5 

Bitt err o ot M a di s o n 1. 0 6 3 0 8 7 0. 3 4 4 1 2 2 3. 0 8 9 2 7 - 0. 5 2 1 4 7 2. 6 4 7 6 4 4 0. 4 7 5 8 9 1 1. 5 8 4 5 5 7 1. 4 3 7 9 7 7 

Bitt err o ot G all ati n 0. 8 6 7 0 1 0. 3 6 0 7 3 8 2. 4 0 3 4 3 2 - 0. 7 9 4 0 6 2. 5 2 8 0 7 8 0. 7 9 2 4 2 2 1. 6 6 1 0 6 7 1. 1 7 2 7 5 5 

Bitt err o ot U p p er Y ell o w s to n e0. 3 5 0 8 9 4 0. 3 3 4 8 3 4 1. 0 4 7 9 6 5 - 1. 1 9 0 8 9 1. 8 9 2 6 8 2 0. 9 9 9 1 2 5 1. 5 4 1 7 8 8 0. 4 7 4 6 3 5 

Bitt err o ot SJ M 0. 3 0 9 7 6 4 0. 3 6 9 6 4 7 0. 8 3 7 9 9 9 - 1. 3 9 2 3 2 2. 0 1 1 8 5 1 0. 9 9 9 8 5 8 1. 7 0 2 0 8 8 0. 4 1 8 9 9 9 

Bitt err o ot S T M 0. 4 8 0 5 9 1 0. 3 8 1 7 7 1. 2 5 8 8 5 1 - 1. 2 7 7 3 2 2. 2 3 8 5 0. 9 9 6 3 7 4 1. 7 5 7 9 0 9 0. 6 5 0 0 6 8 

J eff er s o n M a di s o n 0. 7 0 4 0 4 9 0. 2 1 9 8 8 4 3. 2 0 1 9 0 8 - 0. 3 0 8 4 4 1. 7 1 6 5 3 5 0. 4 2 3 5 5 5 1. 0 1 2 4 8 6 0. 9 5 2 3 2 7 

J eff er s o n G all ati n 0. 5 0 7 9 7 2 0. 2 4 5 0 7 3 2. 0 7 2 7 3 6 - 0. 6 2 0 5 1. 6 3 6 4 4 5 0. 9 0 1 3 8 9 1. 1 2 8 4 7 3 0. 6 8 7 1 0 5 

J eff er s o n U p p er Y ell o w s to n e0. 0 0 8 1 4 3 0. 2 0 5 0 4 3 0. 0 3 9 7 1 5 - 0. 9 3 6 0 1 0. 9 5 2 2 9 2 1 0. 9 4 4 1 4 8 0. 0 1 1 0 1 5 

J eff er s o n SJ M 0. 0 4 9 2 7 4 0. 2 5 8 0 0 7 0. 1 9 0 9 8 - 1. 1 3 8 7 5 1. 2 3 7 3 0 1 1 1. 1 8 8 0 2 7 0. 0 6 6 6 5 

J eff er s o n S T M 0. 1 2 1 5 5 3 0. 2 7 5 0 9 4 0. 4 4 1 8 6 1 - 1. 1 4 5 1 5 1. 3 8 8 2 6 1 0. 9 9 9 9 9 9 1. 2 6 6 7 0 8 0. 1 6 4 4 1 8 

M a di s o n G all ati n 0. 1 9 6 0 7 7 0. 2 5 7 6 1 9 0. 7 6 1 1 1 3 - 0. 9 9 0 1 6 1. 3 8 2 3 1 6 0. 9 9 9 9 3 7 1. 1 8 6 2 3 9 0. 2 6 5 2 2 2 

M a di s o n U p p er Y ell o w s to n e0. 7 1 2 1 9 2 0. 2 1 9 8 8 4 3. 2 3 8 9 4 3 - 0. 3 0 0 2 9 1. 7 2 4 6 7 9 0. 4 0 6 8 3 1. 0 1 2 4 8 6 0. 9 6 3 3 4 2 

M a di s o n SJ M 0. 7 5 3 3 2 3 0. 2 6 9 9 5 2 2. 7 9 0 5 8 5 - 0. 4 8 9 7 1 1. 9 9 6 3 5 2 0. 6 1 9 8 2 5 1. 2 4 3 0 2 9 1. 0 1 8 9 7 7 

M a di s o n S T M 0. 5 8 2 4 9 6 0. 2 8 6 3 2 7 2. 0 3 4 3 7 2 - 0. 7 3 5 9 4 1. 9 0 0 9 2 7 0. 9 1 1 0 6 1. 3 1 8 4 3 1 0. 7 8 7 9 0 9 

G all ati n U p p er Y ell o w s to n e0. 5 1 6 1 1 6 0. 2 4 5 0 7 3 2. 1 0 5 9 6 4 - 0. 6 1 2 3 6 1. 6 4 4 5 8 9 0. 8 9 2 5 1. 1 2 8 4 7 3 0. 6 9 8 1 2 

G all ati n SJ M 0. 5 5 7 2 4 7 0. 2 9 0 8 3 7 1. 9 1 6 0 1 3 - 0. 7 8 1 9 5 1. 8 9 6 4 4 2 0. 9 3 6 9 5 2 1. 3 3 9 1 9 5 0. 7 5 3 7 5 6 

G all ati n S T M 0. 3 8 6 4 1 9 0. 3 0 6 0 9 7 1. 2 6 2 4 0 9 - 1. 0 2 3 0 4 1. 7 9 5 8 8 1 0. 9 9 6 2 9 6 1. 4 0 9 4 6 2 0. 5 2 2 6 8 7 

U p p er Y ell o w s to n eSJ M 0. 0 4 1 1 3 1 0. 2 5 8 0 0 7 0. 1 5 9 4 1 8 - 1. 1 4 6 9 1. 2 2 9 1 5 8 1 1. 1 8 8 0 2 7 0. 0 5 5 6 3 5 

U p p er Y ell o w s to n eS T M 0. 1 2 9 6 9 7 0. 2 7 5 0 9 4 0. 4 7 1 4 6 3 - 1. 1 3 7 0 1 1. 3 9 6 4 0 5 0. 9 9 9 9 9 9 1. 2 6 6 7 0 8 0. 1 7 5 4 3 3 

SJ M S T M 0. 1 7 0 8 2 8 0. 3 1 6 5 4 7 0. 5 3 9 6 6 - 1. 2 8 6 7 5 1. 6 2 8 4 0 8 0. 9 9 9 9 9 7 1. 4 5 7 5 8 1 0. 2 3 1 0 6 9 

N e utr al 
W h e n t h e E N S O w as i n b et w e e n w e a k El Ni ñ os a n d w e a k L a Ni ñ as t h er e w as still a 

si g nifi c a nt diff er e n c e b et w e e n t h e J eff ers o n a n d Fl at h e a d w at ers h e ds. All w at ers h e ds s a w a n 
i n cr e as e i n S W E as o p p os e d t o t h e w e a k L a Ni ñ a p h as e, b ut o nl y t h e Fl at h e a d a n d J eff ers o n s a w 
a bi g e n o u g h i n cr e as e i n S W E t o b e c all e d si g nifi c a nt ( Ta bl e 6). 

T h er e w er e n o w at ers h e ds t h at h a d a d e cr e as e i n a v er a g e A pril 1 st S W E w h e n c o m p ar e d 
t o e a c h sit e’s  a v er a g e, i n f a ct m a n y of t h e w at ers h e ds s h o w e d a n i n cr e as e i n S W E gr e at er t h a n 
t h e w e a k L a Ni ñ a p h as e of E N S O ( Ta bl es 3 + 5). 



Fi g ur e 5 

T a bl e 5 

A N O V A: Si n gl e F a ct or 

D E S C RI P TI O N Al p h a 0. 0 5 

Gr o u p C o u nt S u m M e a n V ari a n c e SS St d Err L o w er U p p er 

K o ot e n ai 6 2. 1 2 9 2 7 4 0. 3 5 4 8 7 9 0. 6 3 6 0 1 3 3. 1 8 0 0 6 6 0. 2 9 8 6 7 4 - 0. 2 3 9 6 2 0. 9 4 9 3 7 4 

Fl at h e a d 1 2 1 6. 4 3 1 6 4 1. 3 6 9 3 0 3 0. 9 3 4 3 3 6 1 0. 2 7 7 7 0. 2 1 1 1 9 4 0. 9 4 8 9 3 2 1. 7 8 9 6 7 5 

U p p er Cl ar k 1 4 1 0. 0 6 5 9 2 0. 7 1 8 9 9 5 0. 8 0 4 0 8 4 1 0. 4 5 3 0 9 0. 1 9 5 5 2 8 0. 3 2 9 8 0 6 1. 1 0 8 1 8 3 

J eff er s o n 1 3 3. 5 8 9 8 2 8 0. 2 7 6 1 4 1 0. 3 1 6 1 9 5 3. 7 9 4 3 3 9 0. 2 0 2 9 0 9 - 0. 1 2 7 7 4 0. 6 8 0 0 2 

Bitt err o ot 3 2. 0 3 0 4 9 5 0. 6 7 6 8 3 2 0. 3 1 0 6 7 0. 6 2 1 3 4 0. 4 2 2 3 8 8 - 0. 1 6 3 9 1 1. 5 1 7 5 7 5 

M a di s o n 1 0 5. 4 9 0 8 3 8 0. 5 4 9 0 8 4 0. 4 2 3 7 1 4 3. 8 1 3 4 2 9 0. 2 3 1 3 5 2 0. 0 8 8 5 9 1. 0 0 9 5 7 8 

G alliti n 7 3. 7 3 6 9 6 1 0. 5 3 3 8 5 2 0. 2 2 0 7 6 2 1. 3 2 4 5 7 0. 2 7 6 5 1 8 - 0. 0 1 6 5 4 1. 0 8 4 2 4 7 

U p p er Y ell o w s to n e 1 3 6. 5 2 5 9 5 0. 5 0 1 9 9 6 0. 2 4 3 4 6 6 2. 9 2 1 5 9 1 0. 2 0 2 9 0 9 0. 0 9 8 1 1 6 0. 9 0 5 8 7 6 

SJ M 6 3. 1 2 8 0 4 0. 5 2 1 3 4 0. 3 5 5 2 4 3 1. 7 7 6 2 1 4 0. 2 9 8 6 7 4 - 0. 0 7 3 1 6 1. 1 1 5 8 3 5 

S T M 5 8. 0 8 2 6 5 4 1. 6 1 6 5 3 1 1. 0 3 0 3 2 4. 1 2 1 2 8 1 0. 3 2 7 1 8 1 0. 9 6 5 2 9 4 2. 2 6 7 7 6 7 

A N O V A 

S o ur c e s SS df M S F P v al u e Et a- s q R M S S E O m e g a S q 

B et w e e n G ro u p s1 3. 7 4 1 4 7 9 1. 5 2 6 8 3 2. 8 5 2 6 3 1 0. 0 0 5 8 0 1 0. 2 4 5 2 7 3 0. 5 9 5 4 1 3 0. 1 5 7 7 8 5 

Wit hi n Gr o u p s4 2. 2 8 3 6 2 7 9 0. 5 3 5 2 3 6 

T ot al 5 6. 0 2 5 0 9 8 8 0. 6 3 6 6 4 9 

T a bl e 6 

N e utr al W at er s h e d C o m p ari s o n 

K o ot e n ai Fl at h e a d U p p er Cl ar k J eff er s o n B itt err o ot 

M a di s o n G alliti n U p p er Y ell o w st o n e S J M S T M 

3 .5 

3 

2. 5 
w 

2 
(f) 

- ~ 1. 5 
<l 1 
" "" 0. 5 .. 
t 0 

- 0 .5 

- 1 

- 1. 5 



T U K E Y H S D/ K R A M E R al p h a 0. 0 5 

gr o u p m e a n n s s df q- crit 

K o ot e n ai 0. 3 5 4 8 7 9 6 3. 1 8 0 0 6 6 

Fl at h e a d 1. 3 6 9 3 0 3 1 2 1 0. 2 7 7 7 

U p p er Cl ar k0. 7 1 8 9 9 5 1 4 1 0. 4 5 3 0 9 

J eff er s o n 0. 2 7 6 1 4 1 1 3 3. 7 9 4 3 3 9 

Bitt err o ot 0. 6 7 6 8 3 2 3 0. 6 2 1 3 4 

M a di s o n 0. 5 4 9 0 8 4 1 0 3. 8 1 3 4 2 9 

G alliti n 0. 5 3 3 8 5 2 7 1. 3 2 4 5 7 

U p p er Y ell o w s to n e0. 5 0 1 9 9 6 1 3 2. 9 2 1 5 9 1 

SJ M 0. 5 2 1 3 4 6 1. 7 7 6 2 1 4 

S T M 1. 6 1 6 5 3 1 5 4. 1 2 1 2 8 1 

8 9 4 2. 2 8 3 6 2 7 9 4. 6 0 4 6 3 3 

Q T E S T 

gr o u p 1 gr o u p 2 m e a n st d err q- st at l o w er u p p er p- v al u e m e a n- crit C o h e n d 

K o ot e n ai Fl at h e a d 1. 0 1 4 4 2 4 0. 2 5 8 6 5 9 3. 9 2 1 8 6 - 0. 1 7 6 6 1 2. 2 0 5 4 5 4 0. 1 6 3 9 0 3 1. 1 9 1 0 3 1. 3 8 6 5 8 7 

K o ot e n ai U p p er Cl ar k0. 3 6 4 1 1 6 0. 2 5 2 4 2 5 1. 4 4 2 4 6 9 - 0. 7 9 8 2 1 1. 5 2 6 4 4 1 0. 9 9 0 1 6 8 1. 1 6 2 3 2 6 0. 4 9 7 6 9 9 

K o ot e n ai J eff er s o n 0. 0 7 8 7 3 8 0. 2 5 5 3 2 1 0. 3 0 8 3 9 - 1. 0 9 6 9 2 1. 2 5 4 3 9 9 1 1. 1 7 5 6 6 1 0. 1 0 7 6 2 5 

K o ot e n ai Bitt err o ot 0. 3 2 1 9 5 3 0. 3 6 5 7 9 9 0. 8 8 0 1 3 5 - 1. 3 6 2 4 2 2. 0 0 6 3 2 3 0. 9 9 9 7 8 7 1. 6 8 4 3 7 0. 4 4 0 0 6 8 

K o ot e n ai M a di s o n 0. 1 9 4 2 0 5 0. 2 6 7 1 4 2 0. 7 2 6 9 7 2 - 1. 0 3 5 8 9 1. 4 2 4 2 9 5 0. 9 9 9 9 5 7 1. 2 3 0 0 9 0. 2 6 5 4 5 3 

K o ot e n ai G alliti n 0. 1 7 8 9 7 3 0. 2 8 7 8 0 9 0. 6 2 1 8 4 5 - 1. 1 4 6 2 8 1. 5 0 4 2 2 8 0. 9 9 9 9 8 9 1. 3 2 5 2 5 5 0. 2 4 4 6 3 2 

K o ot e n ai U p p er Y ell o w s to n e0. 1 4 7 1 1 7 0. 2 5 5 3 2 1 0. 5 7 6 2 0 4 - 1. 0 2 8 5 4 1. 3 2 2 7 7 8 0. 9 9 9 9 9 4 1. 1 7 5 6 6 1 0. 2 0 1 0 9 

K o ot e n ai SJ M 0. 1 6 6 4 6 1 0. 2 9 8 6 7 4 0. 5 5 7 3 3 4 - 1. 2 0 8 8 2 1. 5 4 1 7 4 3 0. 9 9 9 9 9 6 1. 3 7 5 2 8 3 0. 2 2 7 5 3 1 

K o ot e n ai S T M 1. 2 6 1 6 5 2 0. 3 1 3 2 5 2 4. 0 2 7 5 9 9 - 0. 1 8 0 7 6 2. 7 0 4 0 6 0. 1 3 8 6 8 4 1. 4 4 2 4 0 8 1. 7 2 4 5 1 5 

Fl at h e a d U p p er Cl ar k0. 6 5 0 3 0 9 0. 2 0 3 5 1 2 3. 1 9 5 4 3 5 - 0. 2 8 6 7 9 1. 5 8 7 4 0 6 0. 4 2 6 5 0 5 0. 9 3 7 0 9 7 0. 8 8 8 8 8 8 

Fl at h e a d J eff er s o n 1. 0 9 3 1 6 3 0. 2 0 7 0 9 3 5. 2 7 8 6 1 0. 1 3 9 5 7 6 2. 0 4 6 7 5 0. 0 1 2 3 9 8 0. 9 5 3 5 8 7 1. 4 9 4 2 1 2 

Fl at h e a d Bitt err o ot 0. 6 9 2 4 7 2 0. 3 3 3 9 2 7 2. 0 7 3 7 2 - 0. 8 4 5 1 4 2. 2 3 0 0 8 4 0. 9 0 1 1 3 2 1. 5 3 7 6 1 3 0. 9 4 6 5 1 9 

Fl at h e a d M a di s o n 0. 8 2 0 2 2 0. 2 2 1 5 0 2 3. 7 0 2 9 8 4 - 0. 1 9 9 7 2 1. 8 4 0 1 5 6 0. 2 2 6 7 0 4 1. 0 1 9 9 3 7 1. 1 2 1 1 3 4 

Fl at h e a d G alliti n 0. 8 3 5 4 5 2 0. 2 4 6 0 3 4 3. 3 9 5 6 7 9 - 0. 2 9 7 4 4 1. 9 6 8 3 4 7 0. 3 3 9 4 1 5 1. 1 3 2 8 9 5 1. 1 4 1 9 5 5 

Fl at h e a d U p p er Y ell o w s to n e0. 8 6 7 3 0 7 0. 2 0 7 0 9 3 4. 1 8 8 0 1 - 0. 0 8 6 2 8 1. 8 2 0 8 9 4 0. 1 0 6 3 1 7 0. 9 5 3 5 8 7 1. 1 8 5 4 9 7 

Fl at h e a d SJ M 0. 8 4 7 9 6 3 0. 2 5 8 6 5 9 3. 2 7 8 3 0 7 - 0. 3 4 3 0 7 2. 0 3 8 9 9 3 0. 3 8 9 3 6 2 1. 1 9 1 0 3 1. 1 5 9 0 5 6 

Fl at h e a d S T M 0. 2 4 7 2 2 7 0. 2 7 5 3 6 3 0. 8 9 7 8 2 2 - 1. 0 2 0 7 2 1. 5 1 5 1 7 5 0. 9 9 9 7 5 1. 2 6 7 9 4 8 0. 3 3 7 9 2 8 

U p p er Cl ar kJ eff er s o n 0. 4 4 2 8 5 4 0. 1 9 9 2 5 2 2. 2 2 2 5 7 7 - 0. 4 7 4 6 3 1. 3 6 0 3 3 9 0. 8 5 7 5 5 9 0. 9 1 7 4 8 5 0. 6 0 5 3 2 4 

U p p er Cl ar kBitt err o ot 0. 0 4 2 1 6 3 0. 3 2 9 1 2 2 0. 1 2 8 1 0 7 - 1. 4 7 3 3 2 1. 5 5 7 6 5 1 1. 5 1 5 4 8 8 0. 0 5 7 6 3 1 

U p p er Cl ar kM a di s o n 0. 1 6 9 9 1 1 0. 2 1 4 1 9 0. 7 9 3 2 7 2 - 0. 8 1 6 3 6 1. 1 5 6 1 7 7 0. 9 9 9 9 1 0. 9 8 6 2 6 6 0. 2 3 2 2 4 6 

U p p er Cl ar kG alliti n 0. 1 8 5 1 4 3 0. 2 3 9 4 7 2 0. 7 7 3 1 3 1 - 0. 9 1 7 5 4 1. 2 8 7 8 2 2 0. 9 9 9 9 2 8 1. 1 0 2 6 7 9 0. 2 5 3 0 6 7 

U p p er Cl ar kU p p er Y ell o w s to n e0. 2 1 6 9 9 8 0. 1 9 9 2 5 2 1. 0 8 9 0 6 3 - 0. 7 0 0 4 9 1. 1 3 4 4 8 3 0. 9 9 8 8 1 3 0. 9 1 7 4 8 5 0. 2 9 6 6 0 9 

U p p er Cl ar kSJ M 0. 1 9 7 6 5 5 0. 2 5 2 4 2 5 0. 7 8 3 0 2 2 - 0. 9 6 4 6 7 1. 3 5 9 9 8 1 0. 9 9 9 9 2 1. 1 6 2 3 2 6 0. 2 7 0 1 6 8 

U p p er Cl ar kS T M 0. 8 9 7 5 3 6 0. 2 6 9 5 1 6 3. 3 3 0 1 7 2 - 0. 3 4 3 4 9 2. 1 3 8 5 6 1 0. 3 6 6 8 7 7 1. 2 4 1 0 2 4 1. 2 2 6 8 1 6 

J eff er s o n Bitt err o ot 0. 4 0 0 6 9 1 0. 3 3 1 3 4 9 1. 2 0 9 2 7 3 - 1. 1 2 5 0 5 1. 9 2 6 4 3 0. 9 9 7 3 2 6 1. 5 2 5 7 3 9 0. 5 4 7 6 9 3 

J eff er s o n M a di s o n 0. 2 7 2 9 4 3 0. 2 1 7 5 9 5 1. 2 5 4 3 6 1 - 0. 7 2 9 1. 2 7 4 8 9 0. 9 9 6 4 7 1. 0 0 1 9 4 7 0. 3 7 3 0 7 8 

J eff er s o n G alliti n 0. 2 5 7 7 1 1 0. 2 4 2 5 2 2 1. 0 6 2 6 2 8 - 0. 8 5 9 0 2 1. 3 7 4 4 3 8 0. 9 9 9 0 2 3 1. 1 1 6 7 2 7 0. 3 5 2 2 5 8 

J eff er s o n U p p er Y ell o w s to n e0. 2 2 5 8 5 6 0. 2 0 2 9 0 9 1. 1 1 3 0 8 9 - 0. 7 0 8 4 6 1. 1 6 0 1 7 6 0. 9 9 8 5 9 1 0. 9 3 4 3 2 0. 3 0 8 7 1 5 

J eff er s o n SJ M 0. 2 4 5 1 9 9 0. 2 5 5 3 2 1 0. 9 6 0 3 5 6 - 0. 9 3 0 4 6 1. 4 2 0 8 6 0. 9 9 9 5 6 6 1. 1 7 5 6 6 1 0. 3 3 5 1 5 6 

J eff er s o n S T M 1. 3 4 0 3 9 0. 2 7 2 2 3 1 4. 9 2 3 7 2 9 0. 0 8 6 8 6 8 2. 5 9 3 9 1 3 0. 0 2 6 4 7 3 1. 2 5 3 5 2 2 1. 8 3 2 1 4 

Bitt err o ot M a di s o n 0. 1 2 7 7 4 8 0. 3 4 0 5 4 0. 3 7 5 1 3 3 - 1. 4 4 0 3 2 1. 6 9 5 8 1 1 1 1. 5 6 8 0 6 3 0. 1 7 4 6 1 5 

Bitt err o ot G alliti n 0. 1 4 2 9 8 0. 3 5 6 9 8 3 0. 4 0 0 5 2 3 - 1. 5 0 0 8 1. 7 8 6 7 5 7 1 1. 6 4 3 7 7 7 0. 1 9 5 4 3 5 

Bitt err o ot U p p er Y ell o w s to n e0. 1 7 4 8 3 6 0. 3 3 1 3 4 9 0. 5 2 7 6 4 8 - 1. 3 5 0 9 1. 7 0 0 5 7 5 0. 9 9 9 9 9 7 1. 5 2 5 7 3 9 0. 2 3 8 9 7 8 

Bitt err o ot SJ M 0. 1 5 5 4 9 2 0. 3 6 5 7 9 9 0. 4 2 5 0 7 4 - 1. 5 2 8 8 8 1. 8 3 9 8 6 2 1 1. 6 8 4 3 7 0. 2 1 2 5 3 7 

Bitt err o ot S T M 0. 9 3 9 6 9 9 0. 3 7 7 7 9 6 2. 4 8 7 3 2 1 - 0. 7 9 9 9 1 2. 6 7 9 3 0 9 0. 7 5 8 2 0 3 1. 7 3 9 6 1 1. 2 8 4 4 4 7 

M a di s o n G alliti n 0. 0 1 5 2 3 2 0. 2 5 4 9 3 7 0. 0 5 9 7 4 9 - 1. 1 5 8 6 6 1. 1 8 9 1 2 4 1 1. 1 7 3 8 9 2 0. 0 2 0 8 2 

M a di s o n U p p er Y ell o w s to n e0. 0 4 7 0 8 8 0. 2 1 7 5 9 5 0. 2 1 6 4 - 0. 9 5 4 8 6 1. 0 4 9 0 3 5 1 1. 0 0 1 9 4 7 0. 0 6 4 3 6 3 

M a di s o n SJ M 0. 0 2 7 7 4 4 0. 2 6 7 1 4 2 0. 1 0 3 8 5 4 - 1. 2 0 2 3 5 1. 2 5 7 8 3 4 1 1. 2 3 0 0 9 0. 0 3 7 9 2 2 

M a di s o n S T M 1. 0 6 7 4 4 7 0. 2 8 3 3 4 7 3. 7 6 7 2 8 2 - 0. 2 3 7 2 6 2. 3 7 2 1 5 5 0. 2 0 6 7 3 5 1. 3 0 4 7 0 8 1. 4 5 9 0 6 2 

G alliti n U p p er Y ell o w s to n e0. 0 3 1 8 5 5 0. 2 4 2 5 2 2 0. 1 3 1 3 5 1 - 1. 0 8 4 8 7 1. 1 4 8 5 8 2 1 1. 1 1 6 7 2 7 0. 0 4 3 5 4 2 

G alliti n SJ M 0. 0 1 2 5 1 2 0. 2 8 7 8 0 9 0. 0 4 3 4 7 2 - 1. 3 1 2 7 4 1. 3 3 7 7 6 7 1 1. 3 2 5 2 5 5 0. 0 1 7 1 0 2 

G alliti n S T M 1. 0 8 2 6 7 9 0. 3 0 2 9 1 3. 5 7 4 2 5 6 - 0. 3 1 2 1 1 2. 4 7 7 4 7 0. 2 7 0 5 0 7 1. 3 9 4 7 9 1 1. 4 7 9 8 8 3 

U p p er Y ell o w s to n eSJ M 0. 0 1 9 3 4 4 0. 2 5 5 3 2 1 0. 0 7 5 7 6 3 - 1. 1 5 6 3 2 1. 1 9 5 0 0 5 1 1. 1 7 5 6 6 1 0. 0 2 6 4 4 1 

U p p er Y ell o w s to n eS T M 1. 1 1 4 5 3 5 0. 2 7 2 2 3 1 4. 0 9 4 0 8 1 - 0. 1 3 8 9 9 2. 3 6 8 0 5 7 0. 1 2 4 4 3 9 1. 2 5 3 5 2 2 1. 5 2 3 4 2 5 

SJ M S T M 1. 0 9 5 1 9 1 0. 3 1 3 2 5 2 3. 4 9 6 2 0 2 - 0. 3 4 7 2 2 2. 5 3 7 5 9 9 0. 2 9 9 5 0 2 1. 4 4 2 4 0 8 1. 4 9 6 9 8 4 

We a k El Ni ñ o 
T h e We a k El Ni ñ o p h as e s a w t h e l ar g est v ari ati o n i n c h a n g e of S W E w h e n c o m p ar e d t o 

ot h er p h as es. T h e p- v al u es aft er t h e T u k e y H S D w er e s m all er b y a l ar g e f a ct or a n d t h er e w er e 
m or e si g nifi c a nt diff er e n c es b et w e e n w at ers h e ds. B ot h t h e Fl at h e a d a n d t h e K o ot e n ai w at ers h e ds 
w er e f o u n d t o b e st atisti c all y si g nifi c a ntl y diff er e nt t h a n t h e U p p er Cl ar k F or k, U p p er 
Yell o wst o n e, J eff ers o n, M a dis o n, G all ati n, a n d SJ M w at ers h e ds ( Ta bl e 8). 

All w at ers h e ds s a w a n a v er a g e d e cr e as e i n A pril 1 st S W E, K o ot e n ai a n d Fl at h e a d h a d t h e 
l ar g est a v er a g e d e cr e as e of 4. 5 S W E w hil e SJ M a v er a g e d o nl y a 0. 7 S W E d e cr e as e ( Ta bl e 7). 



Fi g ur e 6 

T a bl e 7 

A N O V A: Si n gl e F a ct or 

D E S C RI P TI O N Al p h a 0. 0 5 

Gr o u p C o u nt S u m M e a n V ari a n c e SS St d Err L o w er U p p er 

K o ot e n ai 6 - 2 7. 4 9 5 - 4. 5 8 2 5 5. 4 8 4 1 8 1 2 7. 4 2 0 9 0. 6 3 1 1 0 6 - 5. 8 3 8 6 9 - 3. 3 2 6 3 2 

Fl at h e a d 1 2 - 5 5. 0 1 0 1 - 4. 5 8 4 1 7 3. 5 1 3 8 5 8 3 8. 6 5 2 4 4 0. 4 4 6 2 6 - 5. 4 7 2 4 3 - 3. 6 9 5 9 2 

U p p er Cl ar k 1 4 - 3 5. 0 3 2 5 - 2. 5 0 2 3 2 4. 9 7 2 7 8 2 6 4. 6 4 6 1 6 0. 4 1 3 1 5 6 - 3. 3 2 4 6 9 - 1. 6 7 9 9 5 

J eff er s o n 1 3 - 1 5. 4 0 8 7 - 1. 1 8 5 2 9 0. 4 5 7 9 0 4 5. 4 9 4 8 4 2 0. 4 2 8 7 5 2 - 2. 0 3 8 7 - 0. 3 3 1 8 8 

M a di s o n 1 0 - 1 8. 6 8 8 1 - 1. 8 6 8 8 1 0. 6 1 4 6 2 5. 5 3 1 5 7 6 0. 4 8 8 8 5 3 - 2. 8 4 1 8 5 - 0. 8 9 5 7 7 

U p p er Y ell o w s to n e 1 3 - 1 6. 4 1 1 6 - 1. 2 6 2 4 3 2. 0 1 8 9 8 4 2 4. 2 2 7 8 1 0. 4 2 8 7 5 2 - 2. 1 1 5 8 4 - 0. 4 0 9 0 2 

G all ati n 7 - 8. 1 4 4 0 5 - 1. 1 6 3 4 4 1. 9 1 2 8 7 6 1 1. 4 7 7 2 5 0. 5 8 4 2 9 1 - 2. 3 2 6 4 4 - 0. 0 0 0 4 3 

Bitt err o ot 3 - 7. 5 4 6 2 9 - 2. 5 1 5 4 3 1. 2 2 3 2 2 3 2. 4 4 6 4 4 6 0. 8 9 2 5 1 9 - 4. 2 9 1 9 4 - 0. 7 3 8 9 2 

SJ M 6 - 4. 3 8 3 0 7 - 0. 7 3 0 5 1 0. 6 7 2 8 6 6 3. 3 6 4 3 2 8 0. 6 3 1 1 0 6 - 1. 9 8 6 7 0. 5 2 5 6 7 4 

S T M 5 - 1 7. 5 7 6 7 - 3. 5 1 5 3 5 1. 3 8 2 5 3 5. 5 3 0 1 1 0. 6 9 1 3 4 - 4. 8 9 1 4 3 - 2. 1 3 9 2 7 

B et w e e n G ro u p s# V A L U E! 6 # V A L U E! # V A L U E! # V A L U E! # V A L U E! # V A L U E! # V A L U E! 

A N O V A 1 7 7. 4 5 1 # V A L U E! # V A L U E! 

S o ur c e s SS df M S F P v al u e Et a- s q R M S S E O m e g a S q 

B et w e e n G ro u p s1 5 7. 7 8 5 1 9 1 7. 5 3 1 6 7 7. 3 3 6 1 3 3 1. 0 8 E- 0 7 0. 4 5 5 2 6 7 0. 9 1 9 1 0 6 0. 3 9 0 5 1 6 

Wit hi n Gr o u p s1 8 8. 7 9 1 9 7 9 2. 3 8 9 7 7 1 

T ot al 3 4 6. 5 7 6 9 8 8 3. 9 3 8 3 7 4 

T a bl e 8 

2 

0 

u. - 2 
0 

- 4 
(!) 

- 6 
w 

- 8 

- 1 0 

W e a k El Ni n o W at er s h e d C o m p ari s o n 

K o ot e n ai Fl at h e a d U p p er Cl ar k J eff er s o n M a di s o n 

U p p er Y ell o w st o n e G all ati n Bitt err o ot S T M 



gr o u p m e a n n s s df q- crit 

K o ot e n ai - 4. 5 8 2 5 6 2 7. 4 2 0 9 

Fl at h e a d - 4. 5 8 4 1 7 1 2 3 8. 6 5 2 4 4 

U p p er Cl ar k - 2. 5 0 2 3 2 1 4 6 4. 6 4 6 1 6 

J eff er s o n - 1. 1 8 5 2 9 1 3 5. 4 9 4 8 4 2 

M a di s o n - 1. 8 6 8 8 1 1 0 5. 5 3 1 5 7 6 

U p p er Y ell o w s to n e- 1. 2 6 2 4 3 1 3 2 4. 2 2 7 8 1 

G all ati n - 1. 1 6 3 4 4 7 1 1. 4 7 7 2 5 

Bitt err o ot - 2. 5 1 5 4 3 3 2. 4 4 6 4 4 6 - 4 # N/ A 

SJ M - 0. 7 3 0 5 1 6 3. 3 6 4 3 2 8 

S T M - 3. 5 1 5 3 5 5 5. 5 3 0 1 1 q- st at l o w er u p p er p- v al u e m e a n- crit C o h e n d 

K o ot e n ai Fl at h e a d 8 9 1 8 8. 7 9 1 9 7 9 4. 6 0 4 6 3 3 # N/ A 6. 5 9 E- 1 4 # N/ A # N U M! 

Q T E S T U p p er Cl ar k2. 0 8 0 1 8 2 # N U M! # N U M! # N U M! # N U M! # V A L U E! # N U M! # N U M! 

gr o u p 1 gr o u p 2 m e a n st d err q- st at l o w er u p p er p- v al u e m e a n- crit C o h e n d 

K o ot e n ai Fl at h e a d 0. 0 0 1 6 7 2 0. 5 4 6 5 5 4 0. 0 0 3 0 6 - 2. 5 1 5 0 1 2. 5 1 8 3 5 3 1 2. 5 1 6 6 8 1 0. 0 0 1 0 8 2 

K o ot e n ai U p p er Cl ar k2. 0 8 0 1 8 2 0. 5 3 3 3 8 2 3. 8 9 9 9 8 4 - 0. 3 7 5 8 5 4. 5 3 6 2 1 1 0. 1 6 9 5 2 7 2. 4 5 6 0 2 9 1. 3 4 5 6 2 2 

K o ot e n ai J eff er s o n 3. 3 9 7 2 1 3 0. 5 3 9 5 0 1 6. 2 9 6 9 5 0. 9 1 3 0 0 7 5. 8 8 1 4 2 0. 0 0 1 0 9 2 2. 4 8 4 2 0 6 2. 1 9 7 5 8 

K o ot e n ai M a di s o n 2. 7 1 3 6 9 3 0. 5 6 4 4 7 9 4. 8 0 7 4 3 3 0. 1 1 4 4 7 6 5. 3 1 2 9 1 0. 0 3 3 5 5 2 2. 5 9 9 2 1 7 1. 7 5 5 4 2 6 

K o ot e n ai U p p er Y ell o w s to n e3. 3 2 0 0 7 3 0. 5 3 9 5 0 1 6. 1 5 3 9 6 5 0. 8 3 5 8 6 7 5. 8 0 4 2 7 9 0. 0 0 1 5 6 6 2. 4 8 4 2 0 6 2. 1 4 7 6 8 

K o ot e n ai G all ati n 3. 4 1 9 0 6 6 0. 6 0 8 1 4 9 5. 6 2 2 0 8 5 0. 6 1 8 7 6 3 6. 2 1 9 3 7 0. 0 0 5 6 7 9 2. 8 0 0 3 0 4 2. 2 1 1 7 1 6 

K o ot e n ai Bitt err o ot 2. 0 6 7 0 7 2 0. 7 7 2 9 4 4 2. 6 7 4 2 8 3 - 1. 4 9 2 0 5 5. 6 2 6 1 9 6 0. 6 7 4 9 3 3 3. 5 5 9 1 2 4 1. 3 3 7 1 4 2 

K o ot e n ai SJ M 3. 8 5 1 9 9 1 0. 6 3 1 1 0 6 6. 1 0 3 5 5 3 0. 9 4 5 9 7 8 6. 7 5 8 0 0 3 0. 0 0 1 7 7 6 2. 9 0 6 0 1 3 2. 4 9 1 7 6 5 

K o ot e n ai S T M 1. 0 6 7 1 5 3 0. 6 6 1 9 1 1. 6 1 2 2 3 3 - 1. 9 8 0 7 4. 1 1 5 0 0 5 0. 9 7 8 7 9 6 3. 0 4 7 8 5 2 0. 6 9 0 3 1 7 

Fl at h e a d U p p er Cl ar k2. 0 8 1 8 5 4 0. 4 3 0 0 2 6 4. 8 4 1 2 2 3 0. 1 0 1 7 4 4. 0 6 1 9 6 8 0. 0 3 1 3 3 9 1. 9 8 0 1 1 4 1. 3 4 6 7 0 4 

Fl at h e a d J eff er s o n 3. 3 9 8 8 8 6 0. 4 3 7 5 9 3 7. 7 6 7 2 2 3 1. 3 8 3 9 2 8 5. 4 1 3 8 4 3 2. 0 1 E- 0 5 2. 0 1 4 9 5 7 2. 1 9 8 6 6 2 

Fl at h e a d M a di s o n 2. 7 1 5 3 6 5 0. 4 6 8 0 4 1 5. 8 0 1 5 5 5 0. 5 6 0 2 0 9 4. 8 7 0 5 2 2 0. 0 0 3 7 1 5 2. 1 5 5 1 5 7 1. 7 5 6 5 0 8 

Fl at h e a d U p p er Y ell o w s to n e3. 3 2 1 7 4 5 0. 4 3 7 5 9 3 7. 5 9 0 9 3 9 1. 3 0 6 7 8 8 5. 3 3 6 7 0 2 3. 3 2 E- 0 5 2. 0 1 4 9 5 7 2. 1 4 8 7 6 1 

Fl at h e a d G all ati n 3. 4 2 0 7 3 9 0. 5 1 9 8 7 7 6. 5 7 9 9 0 5 1. 0 2 6 8 9 8 5. 8 1 4 5 8 0. 0 0 0 5 2 6 2. 3 9 3 8 4 1 2. 2 1 2 7 9 8 

Fl at h e a d Bitt err o ot 2. 0 6 8 7 4 4 0. 7 0 5 5 9 8 2. 9 3 1 9 0 1 - 1. 1 8 0 2 8 5. 3 1 7 7 6 5 0. 5 5 1 4 5 7 3. 2 4 9 0 2 1 1. 3 3 8 2 2 3 

Fl at h e a d SJ M 3. 8 5 3 6 6 3 0. 5 4 6 5 5 4 7. 0 5 0 8 3 6 1. 3 3 6 9 8 2 6. 3 7 0 3 4 4 0. 0 0 0 1 4 9 2. 5 1 6 6 8 1 2. 4 9 2 8 4 7 

Fl at h e a d S T M 1. 0 6 8 8 2 5 0. 5 8 1 8 5 1 1. 8 3 6 9 3 9 - 1. 6 1 0 3 9 3. 7 4 8 0 3 7 0. 9 5 1 0 5 1 2. 6 7 9 2 1 1 0. 6 9 1 3 9 9 

U p p er Cl ar kJ eff er s o n 1. 3 1 7 0 3 2 0. 4 2 1 0 2 6 3. 1 2 8 1 4 5 - 0. 6 2 1 6 4 3. 2 5 5 7 0 4 0. 4 5 7 6 0 6 1. 9 3 8 6 7 2 0. 8 5 1 9 5 8 

U p p er Cl ar kM a di s o n 0. 6 3 3 5 1 1 0. 4 5 2 5 9 1. 3 9 9 7 4 7 - 1. 4 5 0 5 2. 7 1 7 5 2 1 0. 9 9 2 0 7 2 2. 0 8 4 0 1 0. 4 0 9 8 0 4 

U p p er Cl ar kU p p er Y ell o w s to n e1. 2 3 9 8 9 1 0. 4 2 1 0 2 6 2. 9 4 4 9 2 5 - 0. 6 9 8 7 8 3. 1 7 8 5 6 3 0. 5 4 5 1 4 6 1. 9 3 8 6 7 2 0. 8 0 2 0 5 7 

U p p er Cl ar kG all ati n 1. 3 3 8 8 8 5 0. 5 0 6 0 1 1 2. 6 4 5 9 6 1 - 0. 9 9 1 1 1 3. 6 6 8 8 7 8 0. 6 8 8 0 4 8 2. 3 2 9 9 9 4 0. 8 6 6 0 9 4 

U p p er Cl ar kBitt err o ot 0. 0 1 3 1 1 0. 6 9 5 4 4 5 0. 0 1 8 8 5 1 - 3. 1 8 9 1 6 3. 2 1 5 3 8 1 3. 2 0 2 2 7 0. 0 0 8 4 8 1 

U p p er Cl ar kSJ M 1. 7 7 1 8 0 9 0. 5 3 3 3 8 2 3. 3 2 1 8 3 8 - 0. 6 8 4 2 2 4. 2 2 7 8 3 8 0. 3 7 0 4 4 7 2. 4 5 6 0 2 9 1. 1 4 6 1 4 3 

U p p er Cl ar kS T M 1. 0 1 3 0 2 9 0. 5 6 9 4 9 6 1. 7 7 8 8 1 5 - 1. 6 0 9 2 9 3. 6 3 5 3 5 0. 9 5 9 8 8 3 2. 6 2 2 3 2 1 0. 6 5 5 3 0 5 

J eff er s o n M a di s o n 0. 6 8 3 5 2 0. 4 5 9 7 8 6 1. 4 8 6 6 0 7 - 1. 4 3 3 6 2 2. 8 0 0 6 6 4 0. 9 8 7 8 3 8 2. 1 1 7 1 4 4 0. 4 4 2 1 5 4 

J eff er s o n U p p er Y ell o w s to n e0. 0 7 7 1 4 1 0. 4 2 8 7 5 2 0. 1 7 9 9 1 9 - 1. 8 9 7 1 1 2. 0 5 1 3 8 7 1 1. 9 7 4 2 4 7 0. 0 4 9 9 

J eff er s o n G all ati n 0. 0 2 1 8 5 3 0. 5 1 2 4 5 7 0. 0 4 2 6 4 4 - 2. 3 3 7 8 2 2. 3 8 1 5 2 9 1 2. 3 5 9 6 7 6 0. 0 1 4 1 3 6 

J eff er s o n Bitt err o ot 1. 3 3 0 1 4 2 0. 7 0 0 1 5 1. 8 9 9 7 9 7 - 1. 8 9 3 7 9 4. 5 5 4 0 7 3 0. 9 4 0 0 4 6 3. 2 2 3 9 3 1 0. 8 6 0 4 3 8 

J eff er s o n SJ M 0. 4 5 4 7 7 7 0. 5 3 9 5 0 1 0. 8 4 2 9 5 8 - 2. 0 2 9 4 3 2. 9 3 8 9 8 3 0. 9 9 9 8 5 1 2. 4 8 4 2 0 6 0. 2 9 4 1 8 5 

J eff er s o n S T M 2. 3 3 0 0 6 0. 5 7 5 2 3 2 4. 0 5 0 6 4 8 - 0. 3 1 8 6 7 4. 9 7 8 7 9 0. 1 3 3 6 0 8 2. 6 4 8 7 3 1. 5 0 7 2 6 3 

M a di s o n U p p er Y ell o w s to n e0. 6 0 6 3 8 0. 4 5 9 7 8 6 1. 3 1 8 8 3 2 - 1. 5 1 0 7 6 2. 7 2 3 5 2 4 0. 9 9 4 8 6 8 2. 1 1 7 1 4 4 0. 3 9 2 2 5 3 

M a di s o n G all ati n 0. 7 0 5 3 7 4 0. 5 3 8 6 9 1. 3 0 9 4 2 5 - 1. 7 7 5 0 9 3. 1 8 5 8 4 1 0. 9 9 5 1 3 3 2. 4 8 0 4 6 8 0. 4 5 6 2 9 

M a di s o n Bitt err o ot 0. 6 4 6 6 2 1 0. 7 1 9 5 7 2 0. 8 9 8 6 1 9 - 2. 6 6 6 7 4 3. 9 5 9 9 8 5 0. 9 9 9 7 4 8 3. 3 1 3 3 6 4 0. 4 1 8 2 8 5 

M a di s o n SJ M 1. 1 3 8 2 9 8 0. 5 6 4 4 7 9 2. 0 1 6 5 4 7 - 1. 4 6 0 9 2 3. 7 3 7 5 1 4 0. 9 1 5 3 3 8 2. 5 9 9 2 1 7 0. 7 3 6 3 3 9 

M a di s o n S T M 1. 6 4 6 5 4 0. 5 9 8 7 2 2. 7 5 0 1 - 1. 1 1 0 3 5 4. 4 0 3 4 2 5 0. 6 3 9 1 9 6 2. 7 5 6 8 8 6 1. 0 6 5 1 0 9 

U p p er Y ell o w s to n eG all ati n 0. 0 9 8 9 9 4 0. 5 1 2 4 5 7 0. 1 9 3 1 7 4 - 2. 2 6 0 6 8 2. 4 5 8 6 7 1 2. 3 5 9 6 7 6 0. 0 6 4 0 3 7 

U p p er Y ell o w s to n eBitt err o ot 1. 2 5 3 0 0 1 0. 7 0 0 1 5 1. 7 8 9 6 1 9 - 1. 9 7 0 9 3 4. 4 7 6 9 3 3 0. 9 5 8 3 3 6 3. 2 2 3 9 3 1 0. 8 1 0 5 3 8 

U p p er Y ell o w s to n eSJ M 0. 5 3 1 9 1 8 0. 5 3 9 5 0 1 0. 9 8 5 9 4 3 - 1. 9 5 2 2 9 3. 0 1 6 1 2 4 0. 9 9 9 4 6 3 2. 4 8 4 2 0 6 0. 3 4 4 0 8 6 

U p p er Y ell o w s to n eS T M 2. 2 5 2 9 2 0. 5 7 5 2 3 2 3. 9 1 6 5 4 4 - 0. 3 9 5 8 1 4. 9 0 1 6 5 0. 1 6 5 2 5 7 2. 6 4 8 7 3 1. 4 5 7 3 6 3 

G all ati n Bitt err o ot 1. 3 5 1 9 9 5 0. 7 5 4 3 1 6 1. 7 9 2 3 4 5 - 2. 1 2 1 3 5 4. 8 2 5 3 4 4 0. 9 5 7 9 3 9 3. 4 7 3 3 4 9 0. 8 7 4 5 7 5 

G all ati n SJ M 0. 4 3 2 9 2 4 0. 6 0 8 1 4 9 0. 7 1 1 8 7 2 - 2. 3 6 7 3 8 3. 2 3 3 2 2 8 0. 9 9 9 9 6 4 2. 8 0 0 3 0 4 0. 2 8 0 0 4 9 

G all ati n S T M 2. 3 5 1 9 1 3 0. 6 4 0 0 5 9 3. 6 7 4 5 2 9 - 0. 5 9 5 3 2 5. 2 9 9 1 4 8 0. 2 3 5 9 4 9 2. 9 4 7 2 3 5 1. 5 2 1 3 9 9 

Bitt err o ot SJ M 1. 7 8 4 9 1 9 0. 7 7 2 9 4 4 2. 3 0 9 2 4 7 - 1. 7 7 4 2 1 5. 3 4 4 0 4 3 0. 8 2 7 9 2 4 3. 5 5 9 1 2 4 1. 1 5 4 6 2 4 

Bitt err o ot S T M 0. 9 9 9 9 1 9 0. 7 9 8 2 9 3 1. 2 5 2 5 7 1 - 2. 6 7 5 9 3 4. 6 7 5 7 6 6 0. 9 9 6 5 0 8 3. 6 7 5 8 4 7 0. 6 4 6 8 2 5 

SJ M S T M 2. 7 8 4 8 3 8 0. 6 6 1 9 1 4. 2 0 7 2 7 7 - 0. 2 6 3 0 1 5. 8 3 2 6 8 9 0. 1 0 2 8 7 7 3. 0 4 7 8 5 2 1. 8 0 1 4 4 8 

El Ni ñ o 
T h e c h a n g e i n A pril 1st S W E w as o nl y si g nifi c a ntl y diff er e nt w h e n c o m p ari n g t w o 

w at ers h e ds, t h e Fl at h e a d a n d t h e J eff ers o n. As wit h e a c h of t h e p h as es t h e J eff ers o n s a w littl e 
c h a n g e fr o m t h e a v er a g e w hil e t h e fl at h e a d s a w a si g nifi c a nt dr o p i n A pril 1st S W E v al u es o v er 
t h e El Ni ñ o y e ars ( Ta bl e 1 0). 

All w at ers h e ds s a w a d e cr e as e i n a v er a g e A pril 1 st S W E v al u es, b ut t h e g a p b et w e e n 
w e a k El Ni ñ o v al u es a n d El Ni ñ o v al u es w as m u c h s m all er t h a n t h e g a p b et w e e n w e a k L a Ni ñ a 
a n d L a Ni ñ a ( Ta bl e 9) 



T a bl e 9 

A N O V A: Si n gl e F a ct or 

D E S C RI P TI O N Al p h a 0. 0 5 

Gr o u p C o u nt S u m M e a n V ari a n c e SS St d Err L o w er U p p er 

K o ot n ai 6 - 1 8. 9 6 7 - 3. 1 6 1 1 7 5. 4 9 6 3 3 6 2 7. 4 8 1 6 8 0. 8 6 4 2 1 7 - 4. 8 8 1 3 5 - 1. 4 4 0 9 9 

Fl at h e a d 1 2 - 4 9. 8 8 6 4 - 4. 1 5 7 2 5. 8 7 7 8 2 1 6 4. 6 5 6 0 3 0. 6 1 1 0 9 4 - 5. 3 7 3 5 5 - 2. 9 4 0 8 5 

U p p er Cl ar k 1 4 - 5 0. 6 2 2 8 - 3. 6 1 5 9 2 8. 4 2 4 1 0 6 1 0 9. 5 1 3 4 0. 5 6 5 7 6 3 - 4. 7 4 2 0 4 - 2. 4 8 9 7 9 

Bitt err o ot 3 - 1 1. 0 0 6 4 - 3. 6 6 8 8 3. 7 9 6 2 2 6 7. 5 9 2 4 5 3 1. 2 2 2 1 8 8 - 6. 1 0 1 5 1 - 1. 2 3 6 1 

J eff er s o n 1 3 - 1 5. 3 3 9 3 - 1. 1 7 9 9 5 2. 3 5 1 3 4 6 2 8. 2 1 6 1 5 0. 5 8 7 1 2 - 2. 3 4 8 5 8 - 0. 0 1 1 3 2 

M a di s o n 1 0 - 2 1. 9 5 5 5 - 2. 1 9 5 5 5 1. 6 1 8 5 5 3 1 4. 5 6 6 9 7 0. 6 6 9 4 2 - 3. 5 2 7 9 9 - 0. 8 6 3 1 

G all ati n 7 - 1 8. 5 6 6 5 - 2. 6 5 2 3 6 1. 1 2 5 9 2 5 6. 7 5 5 5 4 8 0. 8 0 0 1 1 - 4. 2 4 4 9 4 - 1. 0 5 9 7 9 

SJ M 6 - 1 3. 3 3 1 9 - 2. 2 2 1 9 8 2. 9 1 3 9 7 2 1 4. 5 6 9 8 6 0. 8 6 4 2 1 7 - 3. 9 4 2 1 6 - 0. 5 0 1 8 

S T M 5 - 2 0. 8 9 4 6 - 4. 1 7 8 9 2 4. 6 3 7 8 1 3 1 8. 5 5 1 2 5 0. 9 4 6 7 0 3 - 6. 0 6 3 2 8 - 2. 2 9 4 5 6 

U p p er Y ell o s to n e 1 3 - 3 3. 4 7 4 6 - 2. 5 7 4 9 7 5. 1 7 6 1 4 9 6 2. 1 1 3 7 9 0. 5 8 7 1 2 - 3. 7 4 3 6 - 1. 4 0 6 3 4 

A N O V A 

S o ur c e s SS df M S F P v al u e Et a- s q R M S S E O m e g a S q 

B et w e e n G ro u p s8 4. 3 0 2 9 2 9 9. 3 6 6 9 9 1 2. 0 9 0 2 7 3 0. 0 4 0 0 9 9 0. 1 9 2 3 3 2 0. 4 5 7 2 6 0. 0 9 9 3 0 4 

Wit hi n Gr o u p s3 5 4. 0 1 7 1 7 9 4. 4 8 1 2 2 9 

T ot al 4 3 8. 3 2 8 8 4. 9 8 0 9 0 9 

T a bl e 1 0 

K o ot n ai 

M a di s o n 

2 

0 

w 
- 2 ?;: 

(/) 

.!: - 4 
<I ., 

- 6 t > D 

"' .; 
- 8 

- 1 0 

- 1 2 

El Ni n o W at e r s h e d C o m p a ri s o n 

Fl at h e a d 

G all ati n 

U p p er Cl ar k 

1 

Bitt err o ot 

S T M 

J eff er s o n 

U p p er Y ell o st o n e 



T U K E Y H S D/ K R A M E R al p h a 0. 0 5 

gr o u p m e a n n s s df q- crit 

K o ot n ai - 3. 1 6 1 1 7 6 2 7. 4 8 1 6 8 

Fl at h e a d - 4. 1 5 7 2 1 2 6 4. 6 5 6 0 3 

U p p er Cl ar k - 3. 6 1 5 9 2 1 4 1 0 9. 5 1 3 4 

Bitt err o ot - 3. 6 6 8 8 3 7. 5 9 2 4 5 3 

J eff er s o n - 1. 1 7 9 9 5 1 3 2 8. 2 1 6 1 5 

M a di s o n - 2. 1 9 5 5 5 1 0 1 4. 5 6 6 9 7 

G all ati n - 2. 6 5 2 3 6 7 6. 7 5 5 5 4 8 

SJ M - 2. 2 2 1 9 8 6 1 4. 5 6 9 8 6 

S T M - 4. 1 7 8 9 2 5 1 8. 5 5 1 2 5 

U p p er Y ell o s to n e- 2. 5 7 4 9 7 1 3 6 2. 1 1 3 7 9 

8 9 3 5 4. 0 1 7 1 7 9 4. 6 0 4 6 3 3 

Q T E S T 

gr o u p 1 gr o u p 2 m e a n st d err q- st at l o w er u p p er p- v al u e m e a n- crit C o h e n d 

K o ot n ai Fl at h e a d 0. 9 9 6 0 2 7 0. 7 4 8 4 3 4 1. 3 3 0 8 1 5 - 2. 4 5 0 2 4 4. 4 4 2 2 9 2 0. 9 9 4 5 1 4 3. 4 4 6 2 6 4 0. 4 7 0 5 1 4 

K o ot n ai U p p er Cl ar k0. 4 5 4 7 4 5 0. 7 3 0 3 9 7 0. 6 2 2 5 9 9 - 2. 9 0 8 4 7 3. 8 1 7 9 5 4 0. 9 9 9 9 8 9 3. 3 6 3 2 1 0. 2 1 4 8 1 7 

K o ot n ai Bitt err o ot 0. 5 0 7 6 3 1 1. 0 5 8 4 4 6 0. 4 7 9 6 - 4. 3 6 6 1 2 5. 3 8 1 3 8 5 0. 9 9 9 9 9 9 4. 8 7 3 7 5 4 0. 2 3 9 8 

K o ot n ai J eff er s o n 1. 9 8 1 2 2 3 0. 7 3 8 7 7 7 2. 6 8 1 7 6 2 - 1. 4 2 0 5 7 5. 3 8 3 0 1 8 0. 6 7 1 4 4 6 3. 4 0 1 7 9 5 0. 9 3 5 9 1 1 

K o ot n ai M a di s o n 0. 9 6 5 6 2 6 0. 7 7 2 9 7 9 1. 2 4 9 2 2 5 - 2. 5 9 3 6 6 4. 5 2 4 9 1 2 0. 9 9 6 5 7 7 3. 5 5 9 2 8 7 0. 4 5 6 1 5 3 

K o ot n ai G all ati n 0. 5 0 8 8 0 9 0. 8 3 2 7 8 1 0. 6 1 0 9 7 5 - 3. 3 2 5 8 4 4. 3 4 3 4 5 8 0. 9 9 9 9 9 3. 8 3 4 6 4 9 0. 2 4 0 3 5 6 

K o ot n ai SJ M 0. 9 3 9 1 9 3 0. 8 6 4 2 1 7 1. 0 8 6 7 5 6 - 3. 0 4 0 2 1 4. 9 1 8 5 9 6 0. 9 9 8 8 3 3 3. 9 7 9 4 0 3 0. 4 4 3 6 6 6 

K o ot n ai S T M 1. 0 1 7 7 4 8 0. 9 0 6 3 9 9 1. 1 2 2 8 4 8 - 3. 1 5 5 8 9 5. 1 9 1 3 8 1 0. 9 9 8 4 9 2 4. 1 7 3 6 3 3 0. 4 8 0 7 7 5 

K o ot n ai U p p er Y ell o s to n e0. 5 8 6 2 0 1 0. 7 3 8 7 7 7 0. 7 9 3 4 7 5 - 2. 8 1 5 5 9 3. 9 8 7 9 9 5 0. 9 9 9 9 1 3. 4 0 1 7 9 5 0. 2 7 6 9 1 6 

Fl at h e a d U p p er Cl ar k0. 5 4 1 2 8 3 0. 5 8 8 8 6 5 0. 9 1 9 1 9 7 - 2. 1 7 0 2 2 3. 2 5 2 7 8 9 0. 9 9 9 6 9 6 2. 7 1 1 5 0 6 0. 2 5 5 6 9 7 

Fl at h e a d Bitt err o ot 0. 4 8 8 3 9 7 0. 9 6 6 2 2 4 0. 5 0 5 4 6 9 - 3. 9 6 0 7 1 4. 9 3 7 5 0 5 0. 9 9 9 9 9 8 4. 4 4 9 1 0 8 0. 2 3 0 7 1 4 

Fl at h e a d J eff er s o n 2. 9 7 7 2 5 0. 5 9 9 2 2 7 4. 9 6 8 4 8 6 0. 2 1 8 0 3 5. 7 3 6 4 7 0. 0 2 4 1 2 7 2. 7 5 9 2 2 1. 4 0 6 4 2 6 

Fl at h e a d M a di s o n 1. 9 6 1 6 5 3 0. 6 4 0 9 2 1 3. 0 6 0 6 8 - 0. 9 8 9 5 5 4. 9 1 2 8 5 7 0. 4 8 9 4 6 1 2. 9 5 1 2 0 5 0. 9 2 6 6 6 7 

Fl at h e a d G all ati n 1. 5 0 4 8 3 6 0. 7 1 1 9 0 3 2. 1 1 3 8 2 2 - 1. 7 7 3 2 2 4. 7 8 2 8 8 7 0. 8 9 0 3 2 8 3. 2 7 8 0 5 1 0. 7 1 0 8 7 1 

Fl at h e a d SJ M 1. 9 3 5 2 2 0. 7 4 8 4 3 4 2. 5 8 5 6 9 2 - 1. 5 1 1 0 4 5. 3 8 1 4 8 5 0. 7 1 5 4 2 2 3. 4 4 6 2 6 4 0. 9 1 4 1 8 

Fl at h e a d S T M 0. 0 2 1 7 2 0. 7 9 6 7 6 9 0. 0 2 7 2 6 1 - 3. 6 4 7 1 1 3. 6 9 0 5 4 9 1 3. 6 6 8 8 2 9 0. 0 1 0 2 6 

Fl at h e a d U p p er Y ell o s to n e1. 5 8 2 2 2 8 0. 5 9 9 2 2 7 2. 6 4 0 4 4 9 - 1. 1 7 6 9 9 4. 3 4 1 4 4 8 0. 6 9 0 5 8 3 2. 7 5 9 2 2 0. 7 4 7 4 3 

U p p er Cl ar kBitt err o ot 0. 0 5 2 8 8 6 0. 9 5 2 3 2 1 0. 0 5 5 5 3 4 - 4. 3 3 2 2 4. 4 3 7 9 7 5 1 4. 3 8 5 0 8 9 0. 0 2 4 9 8 3 

U p p er Cl ar kJ eff er s o n 2. 4 3 5 9 6 7 0. 5 7 6 5 4 4. 2 2 5 1 4 6 - 0. 2 1 8 7 9 5. 0 9 0 7 2 4 0. 0 9 9 7 6 8 2. 6 5 4 7 5 7 1. 1 5 0 7 2 9 

U p p er Cl ar kM a di s o n 1. 4 2 0 3 7 0. 6 1 9 7 6 2 2. 2 9 1 7 9 8 - 1. 4 3 3 4 1 4. 2 7 4 1 4 8 0. 8 3 4 1 3 2 2. 8 5 3 7 7 8 0. 6 7 0 9 7 

U p p er Cl ar kG all ati n 0. 9 6 3 5 5 3 0. 6 9 2 9 1 5 1. 3 9 0 5 7 8 - 2. 2 2 7 0 7 4. 1 5 4 1 7 4 0. 9 9 2 4 3 9 3. 1 9 0 6 2 1 0. 4 5 5 1 7 4 

U p p er Cl ar kSJ M 1. 3 9 3 9 3 8 0. 7 3 0 3 9 7 1. 9 0 8 4 6 6 - 1. 9 6 9 2 7 4. 7 5 7 1 4 7 0. 9 3 8 4 0 5 3. 3 6 3 2 1 0. 6 5 8 4 8 3 

U p p er Cl ar kS T M 0. 5 6 3 0 0 3 0. 7 7 9 8 5 1 0. 7 2 1 9 3 7 - 3. 0 2 7 9 2 4. 1 5 3 9 2 8 0. 9 9 9 9 6 3. 5 9 0 9 2 5 0. 2 6 5 9 5 8 

U p p er Cl ar kU p p er Y ell o s to n e1. 0 4 0 9 4 5 0. 5 7 6 5 4 1. 8 0 5 5 0 3 - 1. 6 1 3 8 1 3. 6 9 5 7 0 2 0. 9 5 5 9 8 3 2. 6 5 4 7 5 7 0. 4 9 1 7 3 3 

Bitt err o ot J eff er s o n 2. 4 8 8 8 5 4 0. 9 5 8 7 6 3 2. 5 9 5 9 0 1 - 1. 9 2 5 9 6. 9 0 3 6 0 5 0. 7 1 0 8 4 1 4. 4 1 4 7 5 2 1. 1 7 5 7 1 1 

Bitt err o ot M a di s o n 1. 4 7 3 2 5 6 0. 9 8 5 3 5 9 1. 4 9 5 1 4 6 - 3. 0 6 3 9 6 6. 0 1 0 4 7 4 0. 9 8 7 3 4 1 4. 5 3 7 2 1 8 0. 6 9 5 9 5 3 

Bitt err o ot G all ati n 1. 0 1 6 4 3 9 1. 0 3 2 9 3 7 0. 9 8 4 0 2 8 - 3. 7 3 9 8 6 5. 7 7 2 7 3 6 0. 9 9 9 4 7 1 4. 7 5 6 2 9 7 0. 4 8 0 1 5 7 

Bitt err o ot SJ M 1. 4 4 6 8 2 4 1. 0 5 8 4 4 6 1. 3 6 6 9 3 2 - 3. 4 2 6 9 3 6. 3 2 0 5 7 8 0. 9 9 3 3 2 4 4. 8 7 3 7 5 4 0. 6 8 3 4 6 6 

Bitt err o ot S T M 0. 5 1 0 1 1 7 1. 0 9 3 1 5 8 0. 4 6 6 6 4 5 - 4. 5 2 3 4 7 5. 5 4 3 7 0 8 0. 9 9 9 9 9 9 5. 0 3 3 5 9 1 0. 2 4 0 9 7 5 

Bitt err o ot U p p er Y ell o s to n e1. 0 9 3 8 3 1 0. 9 5 8 7 6 3 1. 1 4 0 8 7 8 - 3. 3 2 0 9 2 5. 5 0 8 5 8 3 0. 9 9 8 2 9 2 4. 4 1 4 7 5 2 0. 5 1 6 7 1 6 

J eff er s o n M a di s o n 1. 0 1 5 5 9 7 0. 6 2 9 6 1 6 1. 6 1 3 0 4 2 - 1. 8 8 3 5 5 3. 9 1 4 7 4 8 0. 9 7 8 7 2 4 2. 8 9 9 1 5 1 0. 4 7 9 7 5 9 

J eff er s o n G all ati n 1. 4 7 2 4 1 4 0. 7 0 1 7 4 3 2. 0 9 8 2 2 6 - 1. 7 5 8 8 5 4. 7 0 3 6 8 2 0. 8 9 4 6 1 2 3. 2 3 1 2 6 7 0. 6 9 5 5 5 5 

J eff er s o n SJ M 1. 0 4 2 0 3 0. 7 3 8 7 7 7 1. 4 1 0 4 8 - 2. 3 5 9 7 6 4. 4 4 3 8 2 4 0. 9 9 1 6 2 4 3. 4 0 1 7 9 5 0. 4 9 2 2 4 5 

J eff er s o n S T M 2. 9 9 8 9 7 1 0. 7 8 7 7 0 4 3. 8 0 7 2 3 - 0. 6 2 8 1 2 6. 6 2 6 0 5 9 0. 1 9 4 9 7 3. 6 2 7 0 8 9 1. 4 1 6 6 8 6 

J eff er s o n U p p er Y ell o s to n e1. 3 9 5 0 2 2 0. 5 8 7 1 2 2. 3 7 6 0 4 2 - 1. 3 0 8 4 5 4. 0 9 8 4 9 4 0. 8 0 3 0 8 1 2. 7 0 3 4 7 2 0. 6 5 8 9 9 6 

M a di s o n G all ati n 0. 4 5 6 8 1 7 0. 7 3 7 6 6 5 0. 6 1 9 2 7 5 - 2. 9 3 9 8 6 3. 8 5 3 4 9 2 0. 9 9 9 9 8 9 3. 3 9 6 6 7 5 0. 2 1 5 7 9 6 

M a di s o n SJ M 0. 0 2 6 4 3 2 0. 7 7 2 9 7 9 0. 0 3 4 1 9 5 - 3. 5 3 2 8 5 3. 5 8 5 7 1 9 1 3. 5 5 9 2 8 7 0. 0 1 2 4 8 6 

M a di s o n S T M 1. 9 8 3 3 7 3 0. 8 1 9 8 6 9 2. 4 1 9 1 3 6 - 1. 7 9 1 8 2 5. 7 5 8 5 6 7 0. 7 8 6 1 9 3 3. 7 7 5 1 9 4 0. 9 3 6 9 2 7 

M a di s o n U p p er Y ell o s to n e0. 3 7 9 4 2 5 0. 6 2 9 6 1 6 0. 6 0 2 6 2 9 - 2. 5 1 9 7 3 3. 2 7 8 5 7 6 0. 9 9 9 9 9 1 2. 8 9 9 1 5 1 0. 1 7 9 2 3 7 

G all ati n SJ M 0. 4 3 0 3 8 5 0. 8 3 2 7 8 1 0. 5 1 6 8 0 4 - 3. 4 0 4 2 6 4. 2 6 5 0 3 4 0. 9 9 9 9 9 8 3. 8 3 4 6 4 9 0. 2 0 3 3 1 

G all ati n S T M 1. 5 2 6 5 5 6 0. 8 7 6 4 7 6 1. 7 4 1 6 9 7 - 2. 5 0 9 3 5. 5 6 2 4 0 8 0. 9 6 4 8 8 4 4. 0 3 5 8 5 2 0. 7 2 1 1 3 1 

G all ati n U p p er Y ell o s to n e0. 0 7 7 3 9 2 0. 7 0 1 7 4 3 0. 1 1 0 2 8 6 - 3. 1 5 3 8 8 3. 3 0 8 6 6 1 3. 2 3 1 2 6 7 0. 0 3 6 5 5 9 

SJ M S T M 1. 9 5 6 9 4 1 0. 9 0 6 3 9 9 2. 1 5 9 0 2 9 - 2. 2 1 6 6 9 6. 1 3 0 5 7 4 0. 8 7 7 3 1 8 4. 1 7 3 6 3 3 0. 9 2 4 4 4 1 

SJ M U p p er Y ell o s to n e0. 3 5 2 9 9 2 0. 7 3 8 7 7 7 0. 4 7 7 8 0 7 - 3. 0 4 8 8 3. 7 5 4 7 8 7 0. 9 9 9 9 9 9 3. 4 0 1 7 9 5 0. 1 6 6 7 5 

S T M U p p er Y ell o s to n e1. 6 0 3 9 4 8 0. 7 8 7 7 0 4 2. 0 3 6 2 3 2 - 2. 0 2 3 1 4 5. 2 3 1 0 3 7 0. 9 1 0 6 0 5 3. 6 2 7 0 8 9 0. 7 5 7 6 9 

Di s c ussi o n 
R es ults w o ul d s u g g est t h at t h e c h a n g e i n S W E i n m ost w at e rs h e ds d o es n ot diff e r 

si g nifi c a ntl y f r o m ot h e r w at e rs h e ds i n t h e st at e. T h e r e w e r e st atisti c al diff e r e n c es b et w e e n 
w at e rs h e ds i n e a c h p h as e of t h e E N S O c y cl e b ut w hi c h w at e rs h e ds t h at diff e r e d w e r e 
diff e r e nt i n e a c h p h as e. I n t h e i nst a n c es w h e r e st atisti c al diff e r e n c es w e r e f o u n d t h e y w e r e 
al m ost al w a ys a c r oss t h e c o nti n e nt al di vi d e t h at r u ns t h r o u g h t h e mi d dl e of t h e 
m o u nt ai n o us r e gi o ns of t h e st at e. T h e J eff e rs o n a n d Fl at h e a d w at e rs h e ds diff e r e d i n e v e r y 
p h as e e x c e pt t h e w e a k L a N i ñ a, t his st atisti c al diff e r e n c e w as b o r n f ro m t h e Fl at h e a d 
s e e mi n gl y e x p e ri e n ci n g l a r g e r  eff e ct f r o m t h e p h as es of EN S O t h a n t h e m o r e c o nsist e nt 
J eff e rs o n w at e rs h e d. W h et h e r t h e s o u r c e of t his diff e r e n c e is l ess g e n e r al p r e ci pit ati o n o r 
hi g h e r a v e r a g e t e m p e r at u r es c a n n ot b e d et e r mi n e d f r o m t his st u d y. W hil e n ot al w a ys 
st atisti c all y si g nifi c a nt, t h e s o ut h e r n M a dis o n, G all ati n, J eff e rs o n, a n d U p p e r Yell o wst o n e 
w at e rs h e ds s a w a m u c h l ess d r a m ati c s p r e a d i n ∆  i n A p ril 1st S W E b et w e e n all p h as es w h e n 
c o m p a r e d t o t h e m o r e N o rt h e r n K o ot e n ai a n d Fl at h e a d w at e rs h e ds. 

F ut ur e st u di es of t h e s u bj e ct s h o ul d i n c or p or at e el e v ati o n 
a n d m et e or ol o gi c al d at a i nt o t h e st u d y t o i d e ntif y p ot e nti al 
c a us es of t h e diff er e n c es b et w e e n w at ers h e ds. Att a c hi n g U S G S 
str e a mfl o w d at a will als o gi v e m or e i nsi g ht i nt o h o w h ei g ht e n e d 



or l o w er S W E tr a nsl at es i nt o w at ers h e d h e alt h t hr o u g h o ut t h e 
f oll o wi n g s u m m er. S o m e sit es h a d d at a d ati n g b a c k t o 1 9 6 4 
w hil e ot h er w er e as r e c e nt as 2 0 0 9, t his m a y h a v e c a us e d l ar g er 
v ari ati o n i n c ert ai n sit es b e c a us e l ess d at a p oi nts fr o m e a c h 
p h as e w er e a v ail a bl e. As m or e d at a is c oll e ct e d at t h e S N O T E L 
sit es t h e m or e y e ars of e a c h E N S O p h as es c a n b e o bs er v e d. 
E N S O is n ot t h e o nl y l ar g e-s c al e w e at h er p att er n t h at aff e cts 
s n o w i n M o nt a n a, ot h er c y cl es s u c h as t h e N ort h Atl a nti c 
os cill ati o n ( N A O) or P a cifi c D e c a d al Os cill ati o n ( P D O) ( L e hr 

2 0 1 2) . W hil e t h er e is y et t o b e c o ns e ns us o n h o w cli m at e c h a n g e 
will i m p a ct E N S O, it is p ossi bl e it will disr u pt t h e s e v erit y or 
fr e q u e n c y of El Ni n o a n d L a Ni n a e v e nts ( C olli ns 2 0 1 0). 
I n c or p or ati n g gr a n d er cli m at e d at a i n s u bs e q u e nt st u di es c a n 
i nf or m M o nt a n a’s f ut ur e g e n er ati o ns o n w h at t o e x p e ct f or its 
v al u a bl e w at er r es o ur c e. 
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