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E x e c u t i v e  S u m m a r y

A d v a n c in g  p r io r  re s e a rc h  a b o u t  h o w  v a r io u s  a u d ie n c e s  u s e  
a n d  u n d e r s t a n d  p ro b a b ilis t ic  h y d ro lo g ic  fo re c a s t  in fo rm a t io n , 
in  th e  fa ll o f  2 0 1 8  N u r tu re  N a tu re  C e n te r  w ith  it s  re s e a rc h  
p a r t n e r, E a s t  C a ro lin a  U n iv e r s it y , u n d e r to o k  a  tw o -y e a r  
m ix e d -m e th o d s  s o c ia l s c ie n c e  re s e a rc h  s tu d y  o f  t h re e  fo re -
c a s t  p ro d u c t s  to  p ro p o s e  im p ro v em e n t s  to  th e  d is p la y  a n d  
c o m m u n ic a t io n  o f  u n c e r t a in t y  a n d  p ro b a b ilis t ic  in fo rm a t io n  
in  h y d ro lo g ic  fo re c a s t s . S p e c ifi c a lly , t h e  re s e a rc h  te am  s o u g h t  
to  u n d e r s t a n d  h o w : a ) A d v a n c e d  H y d ro lo g ic  P re d ic t io n  
S e r v ic e  (A H P S ) a n d  re g io n a l h y d ro g ra p h s  (e .g ., h y d ro g ra p h s  
d e v e lo p e d  b y  N a t io n a l W e a th e r  S e r v ic e  (N W S ) R iv e r  F o re c a s t  
C e n te r s  (R F C s ) o r  W e a th e r  F o re c a s t  O ffi c e s  (W F O s ); b ) o u tp u t s  
f ro m  th e  H y d ro lo g ic  E n s em b le  F o re c a s t  S e r v ic e  (H E F S ), in c lu d -
in g  s e a so n a l w a te r  s u p p ly  fo re c a s t  re la te d  p ro d u c t s ; a n d  c ) 
b r ie fi n g s  fo r  im p a c t-b a s e d  d e c is io n  s u p p o r t  s e r v ic e s  (ID S S ), 
c a n  w o rk  to g e th e r  to  c o n v e y  th e  c o m p le x it y  o f  c e r t a in t y  a n d  
u n c e r t a in t y  in  s h o r t , m e d iu m -te rm  a n d  s e a so n a l h y d ro lo g ic  
fo re c a s t s  a n d  to  re c o m m e n d  m o d ifi c a t io n s  to  th e  H E F S  b a s e d  
o n  u s e r  fe e d b a c k . 

T h e  s tu d y  in v o lv e d  1 6  fo c u s  g ro u p s  a n d  s u r v e y s  c o n d u c te d  
th ro u g h o u t  2 0 1 9  w ith  p ro fe s s io n a l a n d  re s id e n t ia l a u d ie n c e s  
in  fo u r  lo c a t io n s  in  th e  U n ite d  S t a te s , p a r tn e r in g  w ith  lo c a l 

w e a th e r  fo re c a s t  o ffi c e s  a n d  re g io n a l r iv e r  fo re c a s t  c e n te r s :  

O w e g o , N Y, w ith  B in g h am to n , N Y  W F O  a n d  M id d le  A t la n t ic  

R iv e r  F o re c a s t  C e n te r ; D u ra n g o , C O  a n d  G u n n is o n , C O , w ith  

G ra n d  J u n c t io n , C O  W F O  a n d  C o lo ra d o  B a s in  R iv e r  F o re c a s t  

C e n te r ; a n d  E u re k a , C A  w ith  E u re k a , C A  W F O  a n d  C a lifo rn ia - 

N e v a d a  R iv e r  F o re c a s t  C e n te r. P ro fe s s io n a l a u d ie n c e s  in c lu d e d  

e m e rg e n c y  m a n a g e r s , w a te r  re s o u rc e  m a n a g e r s , a n d  o th e r s  

w h o  u s e  fo re c a s t  p ro d u c t s  in  th e  c o u r s e  o f  p ro fe s s io n a l d u t ie s . 

R e s id e n t ia l p a r t ic ip a n t s  re fl e c te d  a  ra n g e  o f  b a c k g ro u n d s  

a n d  fo re c a s t  e x p e r ie n c e , a s  w e ll a s  e x p e r ie n c e  w ith  fl o o d in g  

a n d  d ro u g h t  e v e n t s . F o c u s  g ro u p s  c e n te re d  a ro u n d  a  s c e n a r-
io -b a s e d  d is c u s s io n  o f  a n  im p e n d in g  s e v e re  h y d ro lo g ic  e v e n t  
in  e a c h  re g io n , a n d  e lic it e d  fe e d b a c k  f ro m  u s e r s  in  a n  it e ra t iv e  
s e r ie s  o f  fo c u s  g ro u p s  a n d  o n lin e  s u r v e y  a b o u t  th e  w a y s  in  
w h ic h  th e y  u s e d  a n d  u n d e r s to o d  h y d ro lo g ic  fo re c a s t s , p a r t ic -
u la r ly  fo c u s in g  o n  p ro b a b ilis t ic  fo re c a s t  d a ta . 

S tu d y in g  th e s e  th re e  p ro d u c t s  – th e  h y d ro g ra p h , b r ie fi n g s , 
a n d  H E F S  – in  d iff e re n t  re g io n s  o f  t h e  c o u n t r y  p ro v id e s  a  
m o re  c o m p re h e n s iv e  v ie w  o f  t h e  is s u e s  a s s o c ia te d  w ith  
p ro b a b ilit y  a n d  p u b lic  u n d e r s t a n d in g  th a n  h a s  b e e n  c o n s id -
e re d  to  d a te . P re v io u s  re s e a rc h  b y  th e  te am  h a s  s h o w n  th a t  
th e  h y d ro g ra p h  is  a  m u c h -p re fe r re d  p ro d u c t  fo r  h y d ro lo g ic  
in fo rm a t io n , a n d  p a r t ic ip a n t s  h a v e  re q u e s te d  th a t  p ro b a b i-
lis t ic  in fo rm a t io n  b e  s h o w n  in  th e  c o n te x t  o f  a  d e te rm in is t ic  
p ro d u c t . B u t  th e s e  p ro d u c t s  h a v e  a ls o  p ro v e n  to  b e  d iffi c u lt  
fo r  m a n y  to  u n d e r s t a n d  to g e th e r. In  a d d it io n , t h e  re s u lt s  
o f  t h e  te am ’s  p re v io u s  re s e a rc h  a s  w e ll a s  fe e d b a c k  f ro m  
fo re c a s te r s , h a v e  s h o w n  th a t  b r ie fi n g s , w h ic h  a llo w  fo re c a s t -
e r s  to  u s e  a  c o m b in a t io n  o f  t e x t  a n d  g ra p h ic a l p ro d u c t s  to  
e x p la in  im p a c t s  f ro m  e v e n t s , h e lp  a d v a n c e  u n d e r s t a n d in g . 
A s  s u c h , t h is  s tu d y  w a s  u n d e r t a k e n  to  u n d e r s t a n d  th e  re la -
t iv e  in fl u e n c e  o f  v a r io u s  fa c to r s  a c ro s s  th e s e  p ro d u c t s  th a t  
h e lp  to  im p ro v e  u n d e r s t a n d a b ilit y  a n d  u t i lit y , a n d  to  p ro p o s e  
p ro to t y p e s  th a t  b u ild  u p o n  th e s e  e le m e n t s  to  c re a te  n e w , 
im p ro v e d  m e th o d s  fo r  d is p la y .   

R e s e a rc h  q u e s t io n s  a d d re s s :  

 	 •   h o w  to  t im e  b r ie fi n g s  fo r  p ro b a b ilis t ic  v s . d e te rm in is t ic  	
		  in fo rm a t io n ; 
	 •   h o w  to  e x p re s s  v a r y in g  le v e ls  o f  c o n fi d e n c e  a c ro s s  	
		  d iff e re n t  fo re c a s t  t y p e s  (lo w /m e d iu m /h ig h  fl o w s ) a n d  	
		  g e o g ra p h ic  re g io n s ;
	 •   h o w  c h a n g e s  in  fo re c a s t  p ro b a b ilit ie s  o v e r  t im e  a ff e c t  	
		  u s e r  c o n fi d e n c e ; 
	 •   h o w  d is p la y  n e e d s  o f  t h e s e  p ro d u c t s  v a r y  fo r  d iff e re n t  	
		  u s e r s  (i .e ., w a te r  m a n a g e r s  v s . p u b lic ); 
	 •   h o w  u s e r s  to le ra te  d iv e rg e n c e  in  p ro b a b ilis t ic  a n d  	
		  d e te rm in is t ic  fo re c a s t s ; a n d  
	 •   h o w  d e te rm in is t ic  a n d  p ro b a b ilis t ic  r iv e r  le v e l fo re c a s t s  	
		  c a n  b e  p re s e n te d  s im u lt a n e o u s ly  w ith o u t  c a u s in g  	
		  c o n fu s io n  fo r  t h e  u s e r.

F in d in g s  f ro m  th e  s tu d y  a re  d e ta ile d  h e re in  a n d  in c lu d e  
a n a ly s is  o f  q u a n t it a t iv e  fo c u s  g ro u p  d a ta  f ro m  p a r t ic ip a n t s   
a s  w e ll a s  q u a lit a t iv e  a n a ly s is  o f  fo c u s  g ro u p  d is c u s s io n s . 
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F in d in g s  a d d re s s  th e  re s e a rc h  q u e s t io n s  a b o v e , in c lu d in g  
d e ta ile d  d is c u s s io n  o f : t h e  w a y s  th a t  u s e r s  re s p o n d  to  
p ro b a b ilis t ic  fo re c a s t s  w h e n  th e y  d iv e rg e  f ro m  d e te rm in is t ic  
fo re c a s t s ; t h e  v a r ie d  n e e d s  o f  p ro fe s s io n a l v s . re s id e n t ia l 
a u d ie n c e s ; a n d  g e o g ra p h ic -sp e c ifi c  n e e d s  fo r  d a ta  a n d  
in fo rm a t io n  d e liv e r y .   

T h e  re p o r t  c o n ta in s  a  re c o m m e n d a t io n  fo r  a  p ro p o s e d  
n a t io n a l H E F S  o u tp u t , d e v e lo p e d  in  re sp o n s e  to  fe e d b a c k  
f ro m  th e  it e ra t iv e  v a r ia t io n s  te s te d  th ro u g h o u t  th e  p ro je c t .  
T h is  n a t io n a l p ro d u c t  in c lu d e s  fe a tu re s  m o s t  f re q u e n t ly  
f a v o re d  a c ro s s  th e  re g io n s  a n d  is  in fo rm e d  b y  v is u a l r is k  
c o m m u n ic a t io n  p r in c ip le s . In  re c o g n it io n  th a t  a  “o n e -s iz e -
fi t s -a ll” p ro d u c t  is  n o t  lik e ly  to  a c h ie v e  a ll o f  t h e  n e e d s  o f  
lo c a l o ffi c e s  fo r  c o m m u n ic a t in g  p ro b a b ilis t ic  in fo rm a t io n  to  
a u d ie n c e s , a d d it io n a l e x am p le s  o f  H E F S  o u tp u t s  a re  p ro v id e d  
fo r  e a c h  te s t  re g io n , re fl e c t in g  th e  s p e c ifi c  n e e d s  a n d  e s t a b -
lis h e d  p ra c t ic e s  o f  e a c h  lo c a t io n . 

A d d it io n a lly , t h e  re p o r t  in c lu d e s  a  s e r ie s  o f  re c o m m e n d a t io n s  
fo r  d e c is io n  s u p p o r t  re la te d  to  p ro b a b ilis t ic  in fo rm a t io n , 
in c lu d in g  is s u e s  re la te d  to  p ro d u c t  p re s e n ta t io n , p ro d u c t  
in te ra c t iv it y , t h e  u t i lit y  o f  e m e rg e n c y  b r ie fi n g s  fo r  c o n v e y in g  
c o m p le x  fo re c a s t  in fo rm a t io n  a lo n g  w ith  im p a c t  in fo rm a t io n , 
a n d  th e  n e e d  fo r  b u ild in g  t ru s t  w ith  u s e r s . 

In  p re v io u s  N a t io n a l O c e a n ic  a n d  A tm o sp h e r ic  A d m in is t ra -

t io n  (N O A A ) fu n d e d  s tu d ie s , N u r tu re  N a tu re  C e n te r  a n d  E a s t  

C a ro lin a  U n iv e r s it y  te s te d  v a r io u s  N a t io n a l W e a th e r  S e r v ic e  

(N W S ) p ro b a b ilis t ic  fl o o d  fo re c a s t  p ro d u c t s  am o n g  o th e r  N W S  

to o ls . T h e  fi r s t  in c lu d e d  th e  s ig n ifi c a n t  r iv e r  fl o o d  o u t lo o k , 

w a tc h e s  a n d  w a rn in g s , t h e  A d v a n c e d  H y d ro lo g ic  P re d ic t io n  

S e r v ic e  (A H P S ) h y d ro g ra p h , a n d  th e  M e te o ro lo g ic a l M o d e l 

E n s em b le  F o re c a s t  S y s te m  (M M E F S ) u s e d  in  th e  E a s te rn  R e -

g io n  to  p ro v id e  p ro b a b ilis t ic  h y d ro lo g ic  g u id a n c e  (H o g a n  C a r r  

e t  a l., 2 0 1 6 a ). A m o n g  th e  re c o m m e n d a t io n s  f ro m  th a t  s tu d y  

w e re  c h a n g e s  to  th e  p ro d u c t s  s o  th a t  th e y  w o u ld  b e  m o re  

e a s ily  u n d e r s to o d  b y  u s e r s  a n d  m o re  lik e ly  to  m o t iv a te  a c t io n . 

T h e  o th e r  s tu d y  to  a d d re s s  p ro b a b ilis t ic  p ro d u c t s  fo c u s e d  o n  

th e  H y d ro lo g ic  E n s em b le  F o re c a s t  S y s te m  (H E F S ) a n d  fo u n d  

th a t  th e  p re s e n ta t io n  o f  p ro b a b ilis t ic  in fo rm a t io n  v ia  H E F S  

a lo n g s id e  d e te rm in is t ic  in fo rm a t io n  (i .e ., h y d ro g ra p h ) in  a  

s c e n a r io -b a s e d  fo c u s  g ro u p  c re a te d  s ig n ifi c a n t  u n d e r s t a n d -

in g  b a r r ie r s  (H o g a n  C a r r  e t  a l., 2 0 1 8 ). A u d ie n c e s  s t ru g g le d  to  

u n d e r s t a n d  th e  d e te rm in is t ic  a n d  p ro b a b ilis t ic  in fo rm a t io n  

to g e th e r  a n d , in  o n e  s it u a t io n , e x p e r ie n c e d  d e c re a s e d  t ru s t  

in  b o th  th e  h y d ro g ra p h  a n d  th e  H E F S  p ro d u c t s  a s  a  re s u lt . 

A d d it io n a lly , t h e  s tu d y  fo u n d  th a t  m o d ifi c a t io n s  to  th e  d is p la y  

a n d  p re s e n ta t io n  o f  t h e  in fo rm a t io n  h e lp e d  im p ro v e  u s e r  

u n d e r s t a n d in g  o f  t h e  fo re c a s t . A  th ird  s tu d y  u n d e r t a k e n  b y  

th e  te am  fu n d e d  b y  N O A A  S e a  G ra n t  a n d  th e  N e w  J e r s e y  S e a  

G ra n t  C o n so r t iu m  a s  p a r t  o f  t h e  C o a s t a l S to rm  Aw a re n e s s  

P ro g ram  (C S A P ) m a d e  a  s e r ie s  o f  re c o m m e n d a t io n s  re la te d  

to  th e  p o te n t ia l u s e  o f  t h e  e m e rg e n c y  b r ie fi n g  a s  a  p r im a r y  

c o m m u n ic a t io n  to o l fo r  fl o o d in g  e v e n t s . T h e  re s e a rc h  s tu d y  

id e n t ifi e d  th a t  th e  b r ie fi n g  – w ith  it s  a b ilit y  to  p r io r it iz e  

r is k , c la r if y  m e te o ro lo g ic a l d e ta ils  a n d  la n g u a g e , e m p h a s iz e  

im p a c t s , “p u sh ” in fo rm a t io n  to  b ro a d  g ro u p s  o f  u s e r s , a n d  b e  

d is t r ib u te d  b y  lo c a l e m e rg e n c y  m a n a g e r s  a n d  o th e r s  – w a s  a  

p ro m is in g  c o m m u n ic a t io n  to o l fo r  d e liv e r in g  c o m p le x  h y d ro -

lo g ic  fo re c a s t s  to  a  v a r ie t y  o f  u s e r s  (H o g a n  C a r r  e t . 2 0 1 6 b ). T h e  

re s u lt s  o f  t h e s e  s tu d ie s  le d  to  a d d it io n a l q u e s t io n s  a b o u t  h o w  

b e s t  to  p re s e n t  p ro b a b ilis t ic  in fo rm a t io n  th ro u g h  te s t in g  in  

g e o g ra p h ic  re g io n s  w ith  d is t in c t  w a te r  re s o u rc e  is s u e s , w h ic h  

a re  th e  fo c u s  o f  t h is  p ro je c t .

I n t r o d u c t i o n
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T h e  t e c h n ic a l c a p a c it y  fo r  p ro b a b ilis t ic  fo re c a s t in g  h a s  

a d v a n c e d  c o n s id e ra b ly , a n d  t h e re  h a v e  b e e n  c a lls  fo r  w id e  

d is s e m in a t io n  o f  t h e s e  fo re c a s t s . In d e e d , t h e  U S  N a t io n a l 

R e s e a rc h  C o u n c i l  (2 0 0 6 , p .1 2 ) a s s e r t e d  t h a t , “B y  p ro v id in g  

m a in ly  s in g le  v a lu e d  c a te g o r ic a l in fo rm a t io n , t h e  h y d ro m e -

te o ro lo g ic a l p re d ic t io n  c o m m u n it y  d e n ie s  i t s  u s e r s  m u c h  

o f  t h e  v a lu e  o f  t h e  in fo rm a t io n  it  p ro d u c e s—in fo rm a t io n  

t h a t  c o u ld  im p a r t  e c o n o m ic  b e n e fi t s  a n d  le a d  to  g re a te r  

s a fe t y  a n d  c o n v e n ie n c e  fo r  t h e  n a t io n .” S im ila r ly , M ic h a e ls  

(2 0 1 5 , p . 4 4 ) h a s  in d ic a te d  t h a t  “ T h e  u s e  o f  p ro b a b ilis t ic  fl o o d  

fo re c a s t s  is  in  t u n e  w it h  t h e  w id e r  t re n d  in  p u b lic  p o lic y  

t o  e m p lo y  r is k -b a s e d  d e c is io n  m a k in g .” D e s p it e  t h e s e  a n d  

o th e r  a c k n o w le d g em e n t s  o f  t h e  im p o r t a n c e  o f  p ro b a b ilis t ic  

fo re c a s t s , i t  h a s  b e e n  re c o g n iz e d  t h a t  t h e re  is  s t i l l  m u c h  w o rk  

to  b e  d o n e  to  m a k e  t h is  in fo rm a t io n  u s a b le  to  v a r io u s  p u b lic  

a n d  p ro fe s s io n a l a u d ie n c e s  (W o o d  e t  a l. 2 0 1 2 ; S p ie g e lh a lt e r  

e t  a l. 2 0 1 1 ; R am o s  e t  a l. 2 0 1 0 ). O n  o n e  h a n d , s o m e  q u e s t io n  

w h e th e r  p e o p le  c a n  s u c c e s s fu lly  m a k e  u s e  o f  u n c e r t a in t y  in -

fo rm a t io n  g iv e n  b ia s e s  a n d  e x p e c t a t io n s  t h a t  m a y  in fl u e n c e  

in te rp re t a t io n s  o f  t h is  in fo rm a t io n  (J o s ly n  a n d  S a v e ll i  2 0 1 0 ) 

w h ile  o th e r s  a s s e r t  t h a t  p ro v id in g  u n c e r t a in t y  in fo rm a t io n  

to  t h e  p u b lic  in  a n  a c c e s s ib le  fo rm a t  m a y  h e lp  p e o p le  d e c id e  

h o w  m u c h  c o n fi d e n c e  to  p la c e  in  a  g iv e n  fo re c a s t  (M o r s s  e t  

a l. 2 0 0 8 ).  In d e e d , re s e a rc h  h a s  s u g g e s te d  t h a t  c o m m u n ic a t -

in g  in fo rm a t io n  a b o u t  d a t a  u n c e r t a in t y  h a s  t h e  p o te n t ia l t o  

in c re a s e  t ru s t  in  re s u lt s  a n d  to  s u p p o r t  d e c is io n -m a k in g  t h a t  

u s e s  t h a t  d a t a  (K in k e ld e y  e t  a l. 2 0 1 4 ), w h e th e r  i t  is  t h e  p u b lic  

o r  p ro fe s s io n a l u s e r s .  

C o m m u n ic a t in g  fo re c a s t s  e ff e c t iv e ly  re q u ire s  u n d e r s t a n d in g  

h o w  in te n d e d  a u d ie n c e s  in te rp re t  a n d  u s e  fo re c a s t  in fo r-

m a t io n  p re s e n te d  in  d iff e re n t  w a y s  (M u rp h y  e t  a l. 2 0 1 0 ). A s  

s u g g e s te d  b y  P a lm e r  (2 0 0 2 , p . 7 5 3 ), “. . . m o s t  o f  t h e  t im e , 

th e  o rd in a r y  p e r s o n  d o e s  n o t  h a v e  th e  m o t iv a t io n  to  d ig e s t  

t h e  e x t ra  in fo rm a t io n  th a t  is  im p lic it  in  a  p ro b a b ilit y  w e a th e r  

fo re c a s t .”  T h is  a lig n s  w ith  th e  fi n d in g s  o f  J o s ly n  a n d  S a v e lli  

(2 0 1 0 ) th a t  m a n y  p e o p le  a n t ic ip a te  s o m e  u n c e r t a in t y  in  th e  

d e te rm in is t ic  fo re c a s t s . A t  t h e  s am e  t im e , w h e n  d e te rm in is t ic  

a n d  p ro b a b ilis t ic  fo re c a s t s  a re  b o th  a v a ila b le  a n d  th e re  a re  

d is c re p a n c ie s  b e tw e e n  th em  in  th e  d a ta  s h o w n , a s  m e n t io n e d  

e a r lie r, t ru s t  in  b o th  d e c lin e s  (H o g a n  C a r r  e t  a l., 2 0 1 8 ).  In  

c o n t ra s t , p ra c t it io n e r s  m a y  m a k e  p o o re r  d e c is io n s  i f  t h e y  

d o  n o t  h a v e  th e  b e n e fi t  o f  t a k in g  fo re c a s t  u n c e r t a in t ie s  a n d  

r is k s  in to  a c c o u n t  (H ir s c h b e rg  e t  a l. 2 0 1 1 ). F o r  in s t a n c e , o n e  

s tu d y  re p o r te d  th a t  p ro fe s s io n a ls  in  n a t io n a l h y d ro lo g ic  

s e r v ic e s  in  E u ro p e  fo u n d  th a t  th re sh o ld  fo re c a s t s  t h a t  u s e d  

b o th  d e te rm in is t ic  a n d  p ro b a b ilis t ic  fo re c a s t s  w e re  m o re  

u s e fu l to  b e t te r  e v a lu a te  th e  r is k  o f  a  p o te n t ia l fl o o d  (R am o s  

e t  a l. 2 0 0 7 ). C o m b in e d , t h e s e  s tu d ie s  i llu s t ra te  th e  c o m p li-

c a t io n s  th a t  a r is e  f ro m  th e  fa c t  t h a t  th e re  a re  d iff e re n c e s  in  

th e  u n d e r s t a n d in g  o f  p ro b a b ilis t ic  fo re c a s t s  d e p e n d in g  o n  

th e  t y p e  o f  u s e r, b u t  th e re  a re  a ls o  d iff e re n c e s  w ith in  g ro u p s  

(H o g a n  C a r r  e t  a l. 2 0 1 8 , K o x  e t  a l. 2 0 1 5 ). F u r th e r, t h e  th re sh -

o ld s  a t  w h ic h  s u c h  in fo rm a t io n  w ill m o t iv a te  a c t io n  d iff e r  

am o n g  u s e r s  (M o rs s  e t  a l. 2 0 1 0 ). 

I t  is  c le a r  f ro m  th e  re s e a rc h  th a t  b o th  d e te rm in is t ic  a n d  

p ro b a b ilis t ic  in fo rm a t io n  a re  im p o r t a n t  to  a  w id e  ra n g e  

o f  u s e r s , e v e n  th o u g h  th e  re la t iv e  u t i lit y  o f  e a c h  w ill v a r y  

d e p e n d in g  o n  th e  u s e r s ’ n e e d s  a n d  d e c is io n s  a s  w e ll a s  t h e ir  

u n d e r s t a n d in g  o f  t h e  d a ta  p re s e n te d  in  a  g iv e n  p ro d u c t . 

F u r th e r, it  is  n o t  ju s t  t h e  a v a ila b ilit y  o f  e n s em b le  fo re c a s t s  

t h a t  is  im p o r t a n t , b u t  h o w  th a t  in fo rm a t io n  is  p re s e n te d . 

In d e e d , o n e  s tu d y  re p o r te d  th a t  am o n g  th e  le s s o n s  le a rn e d  

in  th e ir  re s e a rc h  is  t h e  n e e d  fo r  e n g a g em e n t  a n d  c o lla b o -

ra t io n  o n  th e  d e s ig n  o f  p ro b a b ilis t ic  fo re c a s t s  (N o b e r t  e t  a l., 

2 0 1 0 ). T h u s , in  a d d it io n  to  u n d e r s t a n d in g  h o w  to  p re s e n t  

d e te rm in is t ic  a n d  p ro b a b ilis t ic  fo re c a s t s  s im u lt a n e o u s ly  

w ith o u t  d im in is h in g  th e  v a lu e  o f  e ith e r  o r  b o th , it  is  a ls o  

n e c e s s a r y  to  c o n s id e r  h o w  u n c e r t a in t y  s h o u ld  b e  p re s e n te d  

to  b e  m o s t  e ff e c t iv e  fo r  v a r io u s  a u d ie n c e s . 

T h is  p ro je c t , t h e n , a d v a n c e s  p r io r  re s e a rc h  a b o u t  h o w  

v a r io u s  a u d ie n c e s  u s e  a n d  u n d e r s t a n d  p ro b a b ilis t ic  h y d ro -

lo g ic  fo re c a s t  in fo rm a t io n , t e s t in g  th re e  fo re c a s t  p ro d u c t s  

a n d  p ro p o s in g  im p ro v em e n t s  to  th e  d is p la y  a n d  c o m m u -

n ic a t io n  o f  u n c e r t a in t y  a n d  p ro b a b ilis t ic  in fo rm a t io n  in  

h y d ro lo g ic  fo re c a s t s . S p e c ifi c a lly , t h e  re s e a rc h  te am  s o u g h t  

to  u n d e r s t a n d  h o w : a ) A d v a n c e d  H y d ro lo g ic  P re d ic t io n  

S e r v ic e  (A H P S ) a n d  re g io n a l h y d ro g ra p h s  (e .g ., h y d ro g ra p h s  

d e v e lo p e d  b y  N W S  R iv e r  F o re c a s t  C e n te r s  [R F C s ] o r  W e a th e r  

F o re c a s t  O ffi c e s  [W F O s ]); b ) o u t p u t s  f ro m  t h e  H y d ro lo g ic  
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E n s em b le  F o re c a s t  S e r v ic e  (H E F S ), in c lu d in g  s e a so n a l 

w a te r  s u p p ly  fo re c a s t  re la te d  p ro d u c t s ; a n d  c ) b r ie fi n g s  fo r  

im p a c t-b a s e d  d e c is io n  s u p p o r t  s e r v ic e s  (ID S S ), c a n  w o rk  to -

g e th e r  to  c o n v e y  th e  c o m p le x it y  o f  c e r t a in t y  a n d  u n c e r t a in t y  

in  s h o r t , m e d iu m -te rm  a n d  s e a so n a l h y d ro lo g ic  fo re c a s t s  

a n d  to  re c o m m e n d  m o d ifi c a t io n s  to  th e  H E F S  b a s e d  o n  

u s e r  fe e d b a c k . 

S tu d y in g  th e s e  th re e  p ro d u c t s  – th e  h y d ro g ra p h , b r ie fi n g s , 

a n d  H E F S  – in  d iff e re n t  re g io n s  o f  t h e  c o u n t r y  p ro v id e s  a  

m o re  c o m p re h e n s iv e  v ie w  o f  t h e  is s u e s  a s s o c ia te d  w ith  p ro b -

a b ilit y  a n d  p u b lic  u n d e r s t a n d in g  th a n  h a s  b e e n  c o n s id e re d  

to  d a te . A s  m e n t io n e d  a b o v e , p re v io u s  re s e a rc h  b y  th e  te am  

h a s  s h o w n  th a t  th e  h y d ro g ra p h  is  a  m u c h -p re fe r re d  p ro d u c t  

fo r  h y d ro lo g ic  in fo rm a t io n , a n d  p a r t ic ip a n t s  h a v e  re q u e s te d  

th a t  p ro b a b ilis t ic  in fo rm a t io n  b e  s h o w n  in  th e  c o n te x t  o f  a  

d e te rm in is t ic  p ro d u c t . B u t  th e s e  p ro d u c t s  h a v e  a ls o  p ro v e n  

to  b e  d iffi c u lt  fo r  m a n y  to  u n d e r s t a n d  to g e th e r. In  a d d it io n , 

t h e  re s u lt s  o f  t h a t  re s e a rc h  a s  w e ll a s  fe e d b a c k  f ro m  fo re c a s t -

e r s , h a v e  s h o w n  th a t  b r ie fi n g s , w h ic h  a llo w  fo re c a s te r s  to  u s e  

a  c o m b in a t io n  o f  t e x t  a n d  g ra p h ic a l p ro d u c t s  to  e x p la in  im -

p a c t s  f ro m  e v e n t s , h e lp  a d v a n c e  u n d e r s t a n d in g . A s  s u c h , t h is  

s tu d y  w a s  u n d e r t a k e n  to  u n d e r s t a n d  th e  re la t iv e  in fl u e n c e  

o f  v a r io u s  fa c to r s  a c ro s s  th e s e  p ro d u c t s  th a t  h e lp  to  im p ro v e  

u n d e r s t a n d a b ilit y  a n d  u t i lit y , a n d  to  p ro p o s e  p ro to t y p e s  th a t  

b u ild  u p o n  th e s e  e le m e n t s  to  c re a te  n e w , im p ro v e d  m e th o d s  

fo r  d is p la y .   

S p e c ifi c a l ly , t h e  r e s e a r c h  t e a m  s o u g h t  t o  u n d e r s t a n d  h o w : a ) A d v a n c e d  H y d ro lo g ic  P r e d ic t io n  S e r v ic e  

(A H P S ) a n d  r e g io n a l  h y d ro g ra p h s  (e .g ., h y d ro g ra p h s  d e v e lo p e d  b y  N W S  R iv e r  F o r e c a s t  C e n t e r s  [R F C s ] 

o r  W e a t h e r  F o r e c a s t  O ffi c e s  [W F O s ]); b ) o u t p u t s  f r o m  t h e  H y d ro lo g ic  E n s e m b le  F o r e c a s t  S e r v ic e  (H E F S ), 

in c lu d in g  s e a s o n a l  w a t e r  s u p p ly  f o r e c a s t  r e la t e d  p ro d u c t s ; a n d  c ) b r ie fi n g s  f o r  im p a c t -b a s e d  d e c i s io n  

s u p p o r t  s e r v ic e s  (ID S S ), c a n  w o r k  t o g e t h e r  t o  c o n v e y  t h e  c o m p le x i t y  o f  c e r t a in t y  a n d  u n c e r t a in t y  in  

s h o r t , m e d iu m -t e rm  a n d  s e a s o n a l  h y d ro lo g ic  f o r e c a s t s  a n d  t o  r e c o m m e n d  m o d ifi c a t io n s  t o  t h e  H E F S  

b a s e d  o n  u s e r  f e e d b a c k .

R e s e a rc h  q u e s t io n s  a d d re s s :  

	 •   h o w  to  t im e  b r ie fi n g s  fo r  p ro b a b ilis t ic  v s . d e te rm in is t ic  	
		  in fo rm a t io n ; 

	 •   h o w  to  e x p re s s  v a r y in g  le v e ls  o f  c o n fi d e n c e  a c ro s s  
		  d iff e re n t  fo re c a s t  t y p e s  (lo w /m e d iu m /h ig h  fl o w s ) a n d  		
		  g e o g ra p h ic  re g io n s ; 

	 •   h o w  c h a n g e s  in  fo re c a s t  p ro b a b ilit ie s  o v e r  t im e  a ff e c t  		
		  u s e r  c o n fi d e n c e ; 

	 •   h o w  d is p la y  n e e d s  o f  t h e s e  p ro d u c t s  v a r y  fo r  d iff e re n t  		
		  u s e r s  (i .e ., w a te r  m a n a g e r s  v s . p u b lic ); 

	 •   h o w  u s e r s  to le ra te  d iv e rg e n c e  in  p ro b a b ilis t ic  a n d  
		  d e te rm in is t ic  fo re c a s t s ; a n d  

	 •   h o w  d e te rm in is t ic  a n d  p ro b a b ilis t ic  r iv e r  le v e l fo re c a s t s  	
		  c a n  b e  p re s e n te d  s im u lt a n e o u s ly  w ith o u t  c a u s in g  		
		  c o n fu s io n  fo r  t h e  u s e r.



Making Sense of Uncertainty: Improving the Use of Hydrologic Probabilistic Information in Decision-Making
Nurture Nature Center/East Carolina University, 2020

5

M e t h o d o lo g y

A H P S , H E F S  a n d  b r ie fi n g s  w e re  te s te d  th ro u g h  th re e  m e th -

o d s , in  fo u r  d iff e re n t  g e o g ra p h ic  lo c a t io n s , a n d  w ith  tw o  

d iff e re n t  a u d ie n c e s .  In -p e r s o n  fo c u s  g ro u p s  a n d  s u r v e y s , a n d  

a n  o n lin e  s u r v e y , w e re  c o n d u c te d  w ith  re s id e n t s  a n d  p ro fe s -

s io n a ls  (e m e rg e n c y  m a n a g e r s , w a te r  re s o u rc e s  p ro fe s s io n a ls ) 

in  E u re k a , C A , O w e g o , N Y, G u n n is o n , C O , a n d  D u ra n g o , C O  

(F ig u re  1 ).  Tw o  ro u n d s  o f  in -p e r s o n  fo c u s  g ro u p s  w e re  h e ld  

(R o u n d  1  in  S p r in g  o f  2 0 1 9  a n d  R o u n d  2  in  Fa ll o f  2 0 1 9 ), a n d  

in  e a c h  ro u n d , tw o  fo c u s  g ro u p s  w e re  h e ld  a t  e a c h  o f  t h e  

fo u r  lo c a t io n s  – o n e  fo r  p ro fe s s io n a ls  a n d  o n e  fo r  re s id e n t s .

Wo rk in g  w ith  N O A A  R F C s  a n d  N W S  W F O s  in  e a c h  lo c a t io n , 

t h e  p ro je c t  t e am  d e v e lo p e d  fo u r  h y p o th e t ic a l s c e n a r io s  (o n e  

fo r  e a c h  re g io n ) w ith  fo re c a s t  p ro d u c t s  th a t  w e re  u s e d  a s  th e  

b a s is  fo r  tw o  h o u r  fo c u s  g ro u p s . T h e s e  p ro d u c t s  in c lu d e d  

a  ra n g e  o f  N W S  fo re c a s t  p ro d u c t s  a s  w e ll a s  p ro d u c t s  f ro m  

o th e r  g o v e rn m e n t  a g e n c ie s , in c lu d in g  th e  U n ite d  S t a te s  

G e o lo g ic a l S u r v e y  (U S G S ) a n d  th e  N a t io n a l R e so u rc e  C o n -

s e r v a t io n  S e r v ic e  (N R C S ). S c e n a r io s  in c lu d e d  e m p h a s is  o n  

th e  p ro d u c t s  a t  t h e  c e n te r  o f  t h is  s tu d y , n am e ly , e n s em b le  

fo re c a s t s  (H E F S ), h y d ro g ra p h s  (A H P S ) a n d  b r ie fi n g s , a s  w e ll 

a s  s u p p o r t in g  w e a th e r  in fo rm a t io n , in c lu d in g  p re c ip it a -

t io n  a n d  te m p e ra tu re  fo re c a s t s , w a tc h e s  a n d  w a rn in g s  a n d  

s n o wm e lt  in fo rm a t io n . A n  e x am p le  o f  s o m e  o f  t h e  p ro d u c t s  

u s e d  fo r  R o u n d  2  in  E u re k a  is  s h o w n  in  F ig u re  2 . S c e n a r io s  

s t a r te d  f ro m  2  m o n th s  to  7  d a y s  a h e a d  o f  t h e  t a rg e t  w e a th e r  

d a te , to  in c o rp o ra te  th e  d iff e re n t  re g io n a l c o n te x t s . T h e s e  

s c e n a r io s  w e re  c o n s t ru c te d  in  th e  E S R I S to r y  M a p  p la t fo rm  s o  

th e y  w o u ld  b e  e a s ily  s h a re d  (lin k s  to  e a c h  lo c a t io n ’s  R o u n d  2  

s c e n a r io  a re  p ro v id e d  in  A p p e n d ix  A ).  

T h e  p ro je c t  t e am  w o rk e d  w ith  N O A A  p a r tn e r s  to  d e te rm in e  

e a s ily  a c c e s s ib le  p u b lic  m e e t in g  p la c e s , ra n g in g  f ro m  a  p u b lic  

lib ra r y  in  D u ra n g o  to  m e e t in g  s p a c e  a t  a  f a irg ro u n d  in  G u n n i-

s o n . F ly e r s  fo r  e a c h  fo c u s  g ro u p  w e re  d e v e lo p e d  a n d  s h a re d  

th ro u g h  p a r tn e r ’s  c o n ta c t s , a s  w e ll a s  t h ro u g h  s o c ia l m e d ia , 

lo c a l n e w s  o u t le t s  a n d  lo c a l o rg a n iz a t io n s  fo c u s e d  o n  w a te r-

w a y s . P a r t ic ip a n t s  w e re  re q u ire d  to  re g is te r  fo r  e a c h  s e s s io n  

E u r e k a ,  C A

G u n n i s o n ,  C O

D u r a n g o ,  C O

O w e g o ,  N Y

v ia  a n  o n lin e  w e b  fo rm . A ll n o n -g o v e rn m e n ta l p a r t ic ip a n t s  

w e re  o ff e re d  $ 5 0  a s  c o m p e n sa t io n  fo r  t h e ir  t im e .  

W h e n  p a r t ic ip a n t s  a r r iv e d  fo r  t h e ir  re s p e c t iv e  fo c u s  g ro u p , 

t h e y  w e re  e a c h  g iv e n  a n  iP a d  a n d  a s k e d  to  c o m p le te  a  

p re -s e s s io n  s u r v e y . T h e y  k e p t  th e  iP a d s  to  fo llo w  a lo n g  w ith  

th e  s c e n a r io . T h e  s c e n a r io  w a s  s im u lt a n e o u s ly  p ro je c te d  o n  

a  la rg e  s c re e n  a n d  o n  e a c h  iP a d . T h is  a llo w e d  p a r t ic ip a n t s  to  

z o o m  in  o n  p ro d u c t  d e ta ils  i f  n e e d e d . D r. M o n t z  fa c ilit a te d  th e  

s e s s io n , w a lk in g  th e  p a r t ic ip a n t s  th ro u g h  e a c h  d a y  in  th e  s c e -

n a r io , a s k in g  q u e s t io n s  a b o u t  u n d e r s t a n d in g , m o t iv a t io n  to  

t a k e  a c t io n , a n d  re s o u rc e  n e e d s  (s p e c ifi c  q u e s t io n s  a re  s h a re d  

in  A p p e n d ix  B ).  D is c u s s io n  w a s  re c o rd e d  a n d  t ra n s c r ib e d  fo r  

a n a ly s is  w ith  N V iv o .  A  p o s t -s e s s io n  s u r v e y  w a s  c o m p le te d  b y  

a ll p a r t ic ip a n t s  (s u r v e y  in s t ru m e n t s  a re  in c lu d e d  in  A p p e n d ix  

C ). T h e  s am e  p ro c e s s  w a s  u s e d  fo r  b o th  R o u n d  1  a n d  R o u n d  

2 , w ith  th e  e x c e p t io n  o f  u s in g  re v is e d  H E F S  p ro d u c t s  in  th e  

R o u n d  2  s c e n a r io s . R o u n d  2  fo c u s  g ro u p s  w e re  c o n d u c te d  

w ith  n e w  p a r t ic ip a n t s .

T h e  g ra p h ic a l a n d  d e s ig n  re v is io n s  to  th e  p ro b a b ilis t ic  fl o o d  

fo re c a s t  p ro d u c t s  w e re  b a s e d  o n  a n a ly s is  o f  p re - a n d  p o s t -s e s -

s io n  s u r v e y s  a s  w e ll a s  fo c u s  g ro u p  n o te s  a n d  t ra n s c r ip t s . S u r-

v e y  re sp o n s e s  w e re  a n a ly z e d  u s in g  E x c e l a n d  t ra n s c r ip t s  w e re  

a n a ly z e d  u s in g  N V iv o  to  id e n t if y  t re n d s  a n d  th em e s  a b o u t  in -

d iv id u a l p ro d u c t s  in  th e  fo c u s  g ro u p  d is c u s s io n s . O f  p a r t ic u la r  

re le v a n c e  w e re  s p e c ifi c  p o s t -s e s s io n  s u r v e y  q u e s t io n s  a s k in g  

a b o u t  e v e r y  e le m e n t  in  th e  p ro d u c t  a n d  w h e th e r  e a c h  w a s  

F ig u re  1 . F o c u s  g ro u p  lo c a t io n s : E u re k a , C A , O w e g o , N Y, G u n n is o n , C O , 
a n d  D u ra n g o , C O .
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u se fu l o r  n o t . P a r t ic ip a n t s  c o u ld  e x p la in  w h ic h  e le m e n t s  w e re  

m o s t  o r  le a s t  u s e fu l. F o llo w in g  e a c h  ro u n d , re v is io n s  w e re  

m a d e  th a t  in c lu d e d  c h a n g e s  to  th e  c o lo r  s c h em e , d e s ig n , 

le g e n d s , a n d  t it le , a n d  th e  a d d it io n  o f  n e e d e d  in fo rm a t io n , 

s u c h  a s  a  fo re c a s te r ’s  n o te . R e g io n -sp e c ifi c  re v is io n s  in c lu d e d  

a d d in g  a n  in te ra c t iv e  te x t  b o x  fo r  U S G S  h is to r ic a l v a lu e s  fo r  

C o lo ra d o  p ro d u c t s , a n d  a d d in g  a  r iv e r  le v e l e x c e e d a n c e  v e r t i-

c a l b a r  a s  a  s id e  b o x  fo r  C a lifo rn ia  a n d  N e w  Yo rk . 

F o llo w in g  a n a ly s is  o f  t h e  s e c o n d  ro u n d  o f  fo c u s  g ro u p s , t h e  

H E F S  g ra p h ic s  w e re  re v is e d  a g a in  a n d  a n  o n lin e  s u r v e y  w a s  

d e v e lo p e d  a n d  a d m in is te re d  in  M a rc h  2 0 2 0  to  a ll p re v io u s  

p a r t ic ip a n t s  f ro m  b o th  R o u n d s  1  a n d  2 . T h is  s u r v e y  s h o w e d  

th e  n e w ly  re v is e d  H E F S  p ro d u c t s , a s  w e ll a s  a  p ro to t y p e  o f  a  

n a t io n a l v e r s io n  o f  t h e  H E F S  (th e  s u r v e y  is  in c lu d e d  in  A p p e n -

d ix  D ). R e s id e n t ia l p a r t ic ip a n t s  re c e iv e d  a  $ 5 0  Am a zo n  g if t  

c a rd  fo r  c o m p le t io n  o f  t h e  s u r v e y . 

F ig u re  2 . S o m e  o f  t h e  p ro d u c t s  s h o w n  th ro u g h o u t  th e  fl o o d in g  s c e n a r io  a s  p a r t  o f  t h e  fo c u s  g ro u p s  in  E u re k a , C A  d u r in g  R o u n d  2 . P a r t ic ip a n t s  
w e re  a s k e d  to  ra te  th e  u s e fu ln e s s  o f  e a c h  o f  t h e s e  p ro d u c t s  in  th e  p o s t -s e s s io n  s u r v e y .
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R e s u l t s
C h a r a c t e r i s t i c s  o f  p a r t i c i p a n t s
T h e  to t a l n u m b e r  o f  p a r t ic ip a n t s  b y  lo c a t io n  a n d  fo c u s  g ro u p  fo r  
b o th  R o u n d  1  a n d  R o u n d  2  a re  s h o w n  in  Ta b le  1  a n d  A p p e n d ix  
E , a lo n g  w ith  d em o g ra p h ic s . F o r  t h e  fo llo w -u p  o n lin e  s u r v e y , 
1 0 7  p a r t ic ip a n t s  (3 3  p ro fe s s io n a ls  a n d  7 4  re s id e n t s ) p a r t ic ip a t -
e d , a  7 5%  o v e ra ll re s p o n s e  ra te  (8 8%  fo r  re s id e n t s  a n d  5 6%  fo r  
p ro fe s s io n a ls ).  S p e c ifi c  n u m b e rs  b y  lo c a t io n  in c lu d e : E u re k a , C A  
1 3  p ro fe s s io n a ls  a n d  2 8  re s id e n t s ; G u n n is o n , C O  6  p ro fe s s io n a ls  
a n d  6  re s id e n t s ; D u ra n g o , C O  5  p ro fe s s io n a ls  a n d  1 8  re s id e n t s ; 
a n d  O w e g o , N Y  9  p ro fe s s io n a ls  a n d  2 2  re s id e n t s .

F o c u s  g ro u p  p a r t ic ip a n t s  h a d  v a r ie d  e x p e r ie n c e  w it h  fl o o d in g  
in  a ll  lo c a t io n s  a n d  s e s s io n s , a s  s h o w n  in  Ta b le  2  a n d  A p p e n d ix  
E , a lo n g  w ith  d iff e r in g  p e rc e p t io n s  o f  fl o o d  r is k  a n d  h o w  m u c h  
a d v a n c e  n o t ic e  t h e y  p re fe r re d  to  h a v e  p r io r  t o  a  s ig n ifi c a n t  
e v e n t . T h e s e  v a r y in g  c h a ra c te r is t ic s  h ig h lig h t  t h e  d iv e r s e  f a c -
to r s  e x p e r ie n c e d  b y  d iff e re n t  re g io n s .

Ta b le  1 . N u m b e r  o f  p a r t ic ip a n t s  b y  
lo c a t io n  fo r  R o u n d  1  a n d  R o u n d  2 .

Ta b le  2 . F lo o d  re la te d  c h a ra c te r is t ic s  o f  p a r t ic ip a n t s  a s  re p o r te d  in  th e  p re -s e s s io n  s u r v e y s  b y  fo c u s  g ro u p  a n d  lo c a t io n  fo r  R o u n d  1  a n d  R o u n d  2 .

S u r v e y  r e s u l t s  r e l a t e d  t o  p r o d u c t s
W h ile  t h e  p re -s e s s io n  s u r v e y  p ro v id e d  a n  u n d e r s t a n d in g  o f  
p a r t ic ip a n t s ’ e x p e r ie n c e  w it h  e x t re m e  e v e n t s , t h e  p o s t -s e s s io n  
s u r v e y  s o u g h t  to  q u a n t i f y  t h e  u t i l i t y  a n d  p e rc e p t io n  o f  t h e  
fo re c a s t  p ro d u c t s  s h o w n  d u r in g  t h e  fo c u s  g ro u p . O f  p a r t ic -
u la r  in te re s t  w a s  c h a n g e  in  u s e fu ln e s s  o f  t h e  H E F S  p ro d u c t  
f ro m  R o u n d  1  to  R o u n d  2 , w h ic h  w o u ld  p a r t ia lly  re fl e c t  t h e  
e ff e c t iv e n e s s  o f  d e s ig n  c h a n g e s  to  t h e  p ro d u c t . F o r  in s t a n c e , 
in  E u re k a , C A , t h e  u s e fu ln e s s  o f  t h e  v a r io u s  p ro d u c t s  c h a n g e d  
f ro m  R o u n d  1  to  R o u n d  2 , a s  s h o w n  in  F ig u re  3 (A ) w it h  a n  
in c re a s e  in  t h o s e  re p o r t in g  t h e  p ro b a b ili t y  o f  s t a g e , fl o w , a n d  
t h e  h y d ro g ra p h  a s  e x t re m e ly  o r  v e r y  u s e fu l a n d  a  c o r re s p o n d -
in g  d e c re a s e  in  p a r t ic ip a n t s  re p o r t in g  t h e s e  w e re  n o t  a t  a ll 

o r  o n ly  s l ig h t ly  u s e fu l.  W h ile  h a v in g  d iff e re n t  p a r t ic ip a n t s  in  
R o u n d  1  f ro m  R o u n d  2  m a y  p a r t ia lly  e x p la in  t h e s e  d iff e re n c e s , 
t h e re  is  s o m e  e v id e n c e  t h a t  t h e  c h a n g e s  to  t h e  H E F S  p ro d u c t s  
in c re a s e d  t h e ir  u t i l i t y : fo r  E u re k a , D u ra n g o  a n d  G u n n is o n , t h e  
p e rc e n t a g e  o f  p ro fe s s io n a ls /re s id e n t s  re p o r t in g  t h e  p ro b a b il-
it y  o f  s t a g e  a n d  fl o w  to  b e  e x t re m e ly  o r  v e r y  u s e fu l in c re a s e d  
in  R o u n d  2  to  v a r y in g  d e g re e s , a s  s h o w n  in  F ig u re  3  w it h  g re e n  
a n d  o ra n g e  b lo c k s  t h a t  a re  a b o v e  t h e  0%  re p re s e n t in g  a n  
in c re a s e  in  p a r t ic ip a n t s  re p o r t in g  e x t re m e ly  o r  v e r y  u s e fu l p e r -
c e p t io n s  o f  t h e  p ro d u c t s . T h e s e  fi n d in g s  p ro v id e  e n c o u ra g e -
m e n t  t h a t  t h e  d e s ig n  c h a n g e s  b e tw e e n  R o u n d  1  a n d  R o u n d  2  
w e re  e ff e c t iv e  in  in c re a s in g  u n d e r s t a n d in g  a n d  u t i l i t y .
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F ig u re  3 . D iff e re n c e  f ro m  R o u n d  1  to  R o u n d  2  in  ra t in g s  o f  u s e fu ln e s s  o f  p ro d u c t s  s h o w n  in  th e  s c e n a r io  fo r  p ro fe s s io n a ls  (le f t ) a n d  re s id e n t s  
(r ig h t ) fo r  E u re k a , C A  (A ), O w e g o , N Y  (B ), D u ra n g o , C O  (C ), a n d  G u n n is o n , C O  (D ).

A

B

C

D
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In  th e  fi n a l o n lin e  s u r v e y , p a r t ic ip a n t s  w e re  a s k e d  a b o u t  th e  
u s e fu ln e s s  o f  t h e  th re e  m a in  p ro d u c t s  th e  s tu d y  fo c u s e d  o n  – 
th e  h y d ro g ra p h /d e te rm in is t ic  p ro d u c t , t h e  H E F S  (p ro b a b ilit y  
o f  r iv e r  le v e l), a n d  th e  b r ie fi n g  p a c k a g e . A s  s h o w n  in  F ig u re  4 , 
m o s t  p ro fe s s io n a ls  a n d  re s id e n t s  ra te d  a ll p ro d u c t s  a s  v e r y  to  
s o m ew h a t  u s e fu l. 

F ig u re  4 . R a t in g  o f  u s e fu ln e s s  o f  t h e  h y d ro g ra p h , H E F S , a n d  b r ie fi n g  
p a c k a g e  o n  a  s c a le  o f  1  (n o t  a t  a ll u s e fu l) to  5  (v e r y  u s e fu l) fo r  p ro fe s -
s io n a ls  a n d  re s id e n t s  in  th e  o n lin e  s u r v e y .

F o c u s in g  o n  th e  u s e fu ln e s s  o f  t h e  p ro b a b ilit y  p ro d u c t  b y  
lo c a t io n , F ig u re  5  s h o w s  th e  p ro g re s s io n  o f  u s e fu ln e s s  fo r  
t h e  re g io n a l H E F S  p ro d u c t s  o v e r  a ll t h re e  ro u n d s  o f  t e s t in g  
fo r  e a c h  lo c a t io n . F o r  m a n y, b u t  n o t  a ll, lo c a t io n s  a n d  u s e r  
g ro u p s , t h e  ra t in g s  o f  v e r y /e x t re m e ly  u s e fu l in c re a s e d  f ro m  
R 1  to  R 2  to  R 3 .  R e c a ll t h a t  th e  g ra p h ic s  w e re  re v is e d  b e tw e e n  
e a c h  ro u n d  w ith  th e  g o a l o f  e n h a n c in g  u n d e r s t a n d a b ilit y  
a n d  u s a b ilit y . 

E u re k a , C A

O w e g o , N Y

G u n n is o n , C O

D u ra n g o , C O

F ig u re  5 .  P e rc e n ta g e  o f  p a r t ic ip a n t s  re p o r t in g  u s e fu ln e s s  o f  t h e  p ro b a -
b ilit y  o f  r iv e r  le v e l p ro d u c t s  in  R o u n d  1 , R o u n d  2 , a n d  R o u n d  3  b y  fo c u s  
g ro u p  lo c a t io n , re fl e c t in g  c h a n g e s  to  th e  p ro d u c t  b e tw e e n  ro u n d s .
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In  R o u n d  3 , t h e  o n lin e  s u r v e y , t h e  p a r t ic ip a n t s  w e re  a ls o  
a s k e d  a b o u t  th e  u s e fu ln e s s  o f  a  n a t io n a l H E F S  (p ro b a b ilis -
t ic  r iv e r  le v e l fo re c a s t ) p ro d u c t , d iff e re n t  f ro m  th e  re g io n a l 
p ro d u c t  th e y  h a d  s e e n  in  th e  fo c u s  g ro u p s  a n d  s u r v e y s . T h e  
n a t io n a l p ro d u c t  u s e d  a ll t h e  h ig h ly  ra te d  e le m e n t s  o f  t h e  
re g io n a l p ro d u c t  d e s ig n s  to  in fo rm  it s  d e v e lo p m e n t . A  s t ro n g  
m a jo r it y  (o v e r  8 0% ) fo r  e a c h  re g io n  a n d  u s e r  g ro u p  ra te d  th e  

n a t io n a l H E F S  p ro d u c t  a s  v e r y  o r  s o m ew h a t  u s e fu l, w ith  a ll 
b u t  E u re k a  a n d  C o lo ra d o  re s id e n t s  h a v in g  o v e r  6 0%  s t a t in g  
it  w a s  v e r y  u s e fu l (F ig u re  6 A ). M o s t  w e re  a ls o  v e r y  o r  s o m e -
w h a t  lik e ly  to  u s e  th e  p ro d u c t  (F ig u re  6 B ). E u re k a  s h o w e d  
th e  s t ro n g e s t  lik e lih o o d  to  u s e  it , w h ile  C o lo ra d o  s h o w e d  th e  
le a s t , t h o u g h  p a r t ic ip a n t s  in  C o lo ra d o  te n d e d  to  re p o r t  u s in g  
U S G S  d is c h a rg e  p ro d u c t s  a s  w e  n o te  la te r  in  th is  re p o r t .

F ig u re  6 . P e rc e n ta g e  o f  o n lin e  s u r v e y  (R o u n d  3 ) re s p o n d e n t s  ra t in g  th e  u s e fu ln e s s  o f  t h e  n a t io n a l 
p ro b a b ilis t ic  r iv e r  le v e l p ro d u c t  (A ) a n d  lik e lih o o d  to  u s e  it  (B ).

A

B
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A n o th e r  e le m e n t  o n  w h ic h  th e  o n lin e  R o u n d  3  s u r v e y  s o u g h t  
c la r ifi c a t io n  w a s  w h e th e r  s h a d e d  p ro b a b ilit ie s  w e re  p re fe r re d  
to  lin e s  in  th e  n a t io n a l H E F S  p ro d u c t . In  th e  M id d le  A t la n t ic  
R iv e r  F o re c a s t  C e n te r  (M A R F C ) re g io n , a n  e x is t in g  e n s em b le  
p ro d u c t  c a lle d  th e  M M E F S , u s e s  a  s h a d e d  2 5 -7 5%  c a te g o r y  
w ith  lin e s  fo r  t h e  5  a n d  9 5%  p ro b a b ilit y  lin e s  (s e e  o p t io n  1  in  
F ig u re  7 ).  T h e  s u r v e y  te s te d  th is  o p t io n  o f  s h o w in g  p e rc e n ta g -
e s  c o m p a re d  to  s h a d e d  c a te g o r ie s  fo r  a ll le v e ls  (s e e  o p t io n  2  in  
F ig u re  7 ). A ll lo c a t io n s  a n d  u s e r  g ro u p s  p re fe r re d  o p t io n  2  (th e  
s h a d e d  p ro b a b ilit ie s , n o  lin e s ), d e sp ite  c o n fu s io n  o v e r  w h ic h  
w a s  5%  a n d  w h ic h  w a s  9 5%  w h e n  th e y  a re  p a r t  o f  t h e  s am e  
sh a d e d  c a te g o r y . 

2

1

F ig u re  7 . P e rc e n ta g e  o f  o n lin e  s u r v e y  (R o u n d  3 ) re s p o n d e n t s  w h o  p re fe r re d  o p t io n  1  (s h a d e d /lin e  p ro b a b ilit ie s ) o r  o p t io n  2  (s h a d e d  p ro b a b ili-
t ie s ) fo r  t h e  n a t io n a l H E F S  (p ro b a b ilis t ic  r iv e r  le v e l) p ro d u c t .

E x p lo r in g  w h e th e r  p e rc e n ta g e s  o r  g e n e ra l ‘l ik e ly ’ c a te g o r ie s  
w e re  e a s y  to  u n d e r s t a n d , ra t in g s  v a r ie d  b y  lo c a t io n  a n d  u s e r  
g ro u p  w h e n  a s k e d  to  ra n k  o n  a  s c a le  o f  1  (c o n fu s in g ) to  5  
(e a s y  to  u n d e r s t a n d ) (F ig u re  8 ). A  h ig h e r  p e rc e n ta g e  o f  
O w e g o  p ro fe s s io n a ls  fo u n d  th e  lik e ly  c a te g o r ie s  to  b e  e a s ie r  
to  u n d e r s t a n d  th a n  p e rc e n ta g e s , w h ile  fe w e r  G u n n is o n  
p ro fe s s io n a ls  fo u n d  th e  lik e ly  c a te g o r ie s  to  b e  e a s y  to  u n d e r-
s t a n d  c o m p a re d  to  p e rc e n ta g e s . W h ile  a  h ig h e r  p e rc e n ta g e  
o f  O w e g o  re s id e n t s  fo u n d  th e  p e rc e n ta g e s  to  b e  e a s y  to  
u n d e r s t a n d  c o m p a re d  to  th e  lik e ly  c a te g o r ie s , m o s t  g ro u p s  
fo u n d  th e  lik e ly  c a te g o r ie s  to  b e  e a s ie r  to  u n d e r s t a n d .

F ig u re  8 . P e rc e n ta g e  o f  o n lin e  s u r v e y  (R o u n d  3 ) re s p o n d e n t s  w h o  ra te d  p e rc e n ta g e s  a n d  lik e ly  c a te g o r ie s  o n  a  s c a le  o f  1  (c o n fu s in g ) to  5  (e a s y  to  
u n d e r s t a n d ).
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A  fo c a l re s e a rc h  q u e s t io n  o f  t h is  s tu d y  w a s  th e  to le ra n c e  fo r  
d iv e rg e n c e  b e tw e e n  th e  p ro b a b ilis t ic  a n d  d e te rm in is t ic  r iv e r  
le v e l fo re c a s t s . T h e  im p a c t  o f  t h e s e  d iff e re n c e s  w a s  e x p lo re d  
in  fo c u s  g ro u p  d is c u s s io n s  a s  w e ll a s  a s k e d  in  th e  p o s t -s e s s io n  
s u r v e y s  a n d  o n lin e  R o u n d  3  s u r v e y . S p e c ifi c a lly , p a r t ic ip a n t s  
w e re  a s k e d  h o w  th e y  w o u ld  re a c t  to  a  d iv e rg e n c e , in c lu d in g  
ig n o r in g  th e  fo re c a s t , s e e k in g  o u t  m o re  in fo rm a t io n , h a v in g  
le s s  c o n fi d e n c e  in  b o th  o r  e ith e r  fo re c a s t , o r  a s k in g  a n  e x p e r t  
(th e y  c o u ld  a ls o  w r ite  in  a  re s p o n s e ). C o m p a r in g  th e  im p a c t  
o f  t h e  d iv e rg e n c e  f ro m  R o u n d  1  to  R o u n d  2 , t h e re  w a s  a b o u t  
a  2 0%  d e c re a s e  in  th e  n u m b e r  o f  p ro fe s s io n a ls  w h o  re p o r te d  
le s s  c o n fi d e n c e  in  th e  p ro b a b ilis t ic  p ro d u c t  b u t  a n  in c re a s e  
(a b o u t  8% ) o f  t h o s e  h a v in g  le s s  c o n fi d e n c e  in  b o th . T h e re  w a s  
a  d e c re a s e  in  th e  p e rc e n ta g e  o f  re s id e n t s  th a t  w o u ld  ig n o re  
th e  fo re c a s t , h a v e  le s s  c o n fi d e n c e  in  th e  p ro b a b ilis t ic  a n d  
w o u ld  s e e k  o u t  m o re  in fo rm a t io n . T h e  re v is e d  d e s ig n  o f  t h e  
p ro b a b ilis t ic  p ro d u c t  in  R o u n d  2  m a y  h a v e  in c re a s e d  u n d e r-

s t a n d in g  a n d  c o n fi d e n c e  in  th e  p ro d u c t  (F ig u re  9 A ). C o m p a r-
in g  th e  im p a c t  o f  t h e  d iv e rg e n c e  f ro m  R o u n d  2  to  R o u n d  3  
(F ig u re  9 B ), t h e re  w a s  a n  1 1%  d e c re a s e  in  p ro fe s s io n a ls  a n d  
5%  d e c re a s e  in  re s id e n t s  h a v in g  le s s  c o n fi d e n c e  in  b o th  p ro d -
u c t s  w h ile  th e re  w a s  a  5%  in c re a s e  in  p ro fe s s io n a ls  h a v in g  
le s s  c o n fi d e n c e  in  th e  p ro b a b ilis t ic . M o re  p ro fe s s io n a ls  t h a n  
re s id e n t s  w o u ld  s e e k  o u t  e x p e r t  a s s is t a n c e  a n d  m o re  in fo r-
m a t io n . H o w e v e r, it  is  im p o r t a n t  to  n o te  th a t  m a n y  o f  t h e  
p e rc e n ta g e  c h a n g e s  a re  n o t  v e r y  h ig h  (le s s  th a n  5% ), a n d  it  
c o u ld  b e  re a s o n e d  th e  re v is io n s  d id  n o t  o v e rw h e lm in g ly  
in fl u e n c e  c o n fi d e n c e  w h e re  th e re  is  a  d iv e rg e n c e  b e tw e e n  
th e  d e te rm in is t ic  a n d  th e  p ro b a b ilis t ic  fo re c a s t s . M o re  d e ta ils  
o n  th e  p ro fe s s io n a ls ’ a n d  re s id e n t s ’ p e rc e p t io n s  a n d  c o n fi -
d e n c e  in  th e  d e te rm in is t ic  a n d  p ro b a b ilis t ic  fo re c a s t s  w h e n  
th e re  is  a  d iff e re n c e  a re  e lu c id a te d  in  th e  fo c u s  g ro u p  a n a ly s is  
t h a t  fo llo w s .

A

B

F ig u re  9 . D iff e re n c e s  in  p e rc e n ta g e  o f  p ro fe s s io n a ls  a n d  re s id e n t s  in  re s p o n s e  to  h o w  a  d iv e rg e n c e  in  th e  p ro b a b ilis t ic  a n d  d e te rm in is t ic  p ro d u c t s  
w o u ld  im p a c t  th e ir  p e rc e p t io n s  o f  c o n fi d e n c e , f ro m  R o u n d  1  to  R o u n d  2  (A ) a n d  R o u n d  2  to  R o u n d  3  (B ).
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T h e  s u r v e y  re s u lt s  f ro m  R o u n d  1 , R o u n d  2 , a n d  R o u n d  3  
(o n lin e ) p ro v id e  e v id e n c e  fo r  im p ro v e d  u n d e r s t a n d a b ilit y  
a n d  u s a b ilit y  fo r  t h e  H E F S  p ro d u c t s  a f te r  d e s ig n  re v is io n s  
w e re  im p lem e n te d .  T h e re  is  a n  e x p re s s e d  in te re s t  in  th e  
in fo rm a t io n  c o n v e y e d  in  a  p ro b a b ilis t ic  r iv e r  le v e l p ro d u c t  
o v e ra ll, b u t  d is t in c t  a n d  im p o r t a n t  d iff e re n c e s  a p p e a r  
re g io n a lly  re g a rd in g  u s e fu l c o n te n t  a n d  e le m e n t s  to  
in c lu d e  in  g ra p h ic s .To  u n d e r s t a n d  th e  n u a n c e s  o f  t h e s e  
d iff e re n c e s  a n d  d e v e lo p  a  m o re  c o m p re h e n s iv e  p ic tu re  o f  
s u r v e y  re s u lt s , a  d e ta ile d  a n a ly s is  o f  e a c h  ro u n d  o f  fo c u s  
g ro u p  fo llo w s .

F o c u s  G r o u p  A n a ly s i s :   R o u n d  O n e  
A s  d e s c r ib e d  in  th e  M e th o d s  s e c t io n , fo c u s  g ro u p s  w e re  
h e ld  w ith  p ro fe s s io n a l u s e r s  (in c lu d in g  w a te r  re s o u rc e  
m a n a g e r s  a n d  e m e rg e n c y  m a n a g em e n t  p ro fe s s io n a ls ) a n d  
w ith  re s id e n t ia l u s e r s  in  e a c h  o f  t h e  fo u r  lo c a t io n s : E u re -
k a , C A ; O w e g o , N Y; a n d  G u n n is o n  a n d  D u ra n g o , C O .  F o r  
p u rp o s e s  o f  a n a ly s is , w e  w ill d is c u s s  fi n d in g s  f ro m  th e  fo c u s  
g ro u p  c o n v e r s a t io n  b y  lo c a t io n , n o t in g  s p e c ifi c a lly  t h e  
fi n d in g s  f ro m  e a c h  a u d ie n c e . 
 
C a l i f o r n ia  - E u r e k a  
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls  

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  p re s e n te d  w ith  tw o  s e p a -
ra te  s c e n a r io s , a n  in it ia l lo n g e r  s c e n a r io  w h ic h  fo c u s e d  o n  a  
5 -d a y  le a d  u p  to  a  fl o o d in g  s it u a t io n , a n d  a  s e c o n d , b r ie fe r  
5 -d a y  s c e n a r io  th a t  fo c u s e d  o n  lo w  fl o w  c o n d it io n s .  A f te r  
b o th  s c e n a r io s  w e re  fi n is h e d , p a r t ic ip a n t s  w e re  g iv e n  a  b r ie f  
o v e r v ie w  o f  a  p ro to t y p e  in te ra c t iv e  p ro b a b ilis t ic  fo re c a s t  
to o l t h a t  w o u ld  a llo w  u s e r s  to  d e fi n e  v a r io u s  p a ram e te r s  fo r  
fo re c a s t  in fo rm a t io n .  

In  a d d it io n  to  c o n te x t -s e t t in g  p ro d u c t s  in c lu d in g  a  q u a n t i-
t a t iv e  p re c ip it a t io n  fo re c a s t  (Q P F ), t h e  h ig h -fl o w  s c e n a r io  
fe a tu re d : h y d ro g ra p h s  is s u e d  th ro u g h  th e  C a lifo rn ia  N e v a d a  
R iv e r  F o re c a s t  C e n te r  (C N R F C ); 5 -d a y  M a x im um  P e a k  S t a g e  
a n d  P e a k  F lo w  P ro b a b ilit y  g ra p h ic s ; a n d  c o m p a n io n  t a b le s  
u n d e r  c o n c e p tu a l d e v e lo p m e n t  in  th e  C N R F C . T h e  s c e n a r io  
a ls o  in c lu d e d  n a r ra t iv e  fo re c a s t  in fo rm a t io n  o f  t h e  k in d  d e liv -
e re d  b y  th e  W F O  in  e m a il u p d a te s  a n d  b r ie fi n g s  to  p a r tn e r s . 

P a r t ic ip a n t s  re fl e c te d  o n  th e  n e e d  to  u n d e r s t a n d  h o w  c e r-
t a in  a  fo re c a s t  w a s  w h e n  m a k in g  d e c is io n s  b a s e d  u p o n  it . In  

d is c u s s in g  u n c e r t a in t y , o n e  p a r t ic ip a n t  e x p re s s e d  f ru s t ra t io n  
a b o u t  t im e s  w h e n  fo re c a s te d  r iv e r  le v e ls  d id  n o t  m a te r ia liz e , 
c a u s in g  n e e d le s s  p la n n in g  o r  le a d in g  to  u n d e r-p la n n in g : 
“ I  m e a n , la s t  n ig h t , I  w a s  e x p e c t in g  h ig h  w a te r  8 500 , 8 300  c fs , 
la s t  n ig h t  -- it  b a re ly  c ra c k e d  3 200 .  ... I  h a d  p re p a re d  fo r  w a te r  
a n d  I  w a s  a c tu a lly  a n t ic ip a t in g  it  ... a n d  it ’s  ju s t  l ik e  a  n o n -e v e n t  
fo r  u s .”  A c k n o w le d g in g  th is  s it u a t io n , a n o th e r  p ro fe s s io n a l s a id  
th a t  h e  s c a n s  fo r  a d d it io n a l fo re c a s t  in fo rm a t io n  to  d e te rm in e  
c o n fi d e n c e  in  th e  fo re c a s t : “I  w o u ld  h a v e  sa id , w h a t ’s  th e  sn o w -
p a c k , w h a t ’s  th e  a n te c e d e n t  c o n d it io n s?  ... I  w o u ld  b e  a sk in g , 
w h a t ’s  th e  d u ra t io n  ... a re  w e  ta lk in g  a tm o sp h e r ic  r iv e r  o r  a re  w e  
ta lk in g  a  b ro a d  f ro n t  th a t ’s  g o in g  to  g o  th ro u g h , a n d  th e n  th a t  
h e lp s  m e  u n d e rs ta n d  th e  fo re ca s t .” 

Pa r t ic ip a n t s  p ro v id e d  s p e c ifi c  c o m m e n t s  a b o u t  th e  h y -
d ro - g ra p h , a c k n o w le d g in g  th a t  a d d in g  lin e s  in d ic a t in g  th e  
m o n ito r  s t a g e  a n d  fl o o d  s t a g e s  w o u ld  b e  h e lp fu l to  v is u a liz e  
th e  r is k  p o s e d  b y  th e  fo re c a s t  (F ig u re  1 0 ). P a r t ic ip a n t s  la rg e ly  
s t ru g g le d  to  u n d e r s t a n d  th e  5 -D a y  M a x im um  P e a k  S t a g e  P ro b -
a b ilit y  p ro d u c t  a n d  a s k e d  fo r  a  w r it te n  e x p la n a t io n  o f  a  c o u p le  
s e n te n c e s  to  e x p la in  th e  p ro d u c t . T h e  s t a t ic  c o lo r  b a r s  w e re  
c o n fu s in g  to  p a r t ic ip a n t s  w h o  e x p e c te d  th em  to  fl u c tu a te  o v e r  
t im e . P a r t ic ip a n t s  a c c u s to m e d  to  re a d in g  a  h y d ro g ra p h  re a d  
th e  d e te rm in is t ic  lin e  a s  a  fo re c a s t  a g a in s t  a  t im e  b a c k g ro u n d , 
b u t  th is  p ro d u c t  s h o w s  th e  5 -d a y  d e te rm in is t ic  fo re c a s t  la y -
e re d  o n  to p  o f  a  s e p a ra te  g ra p h  th a t  s h o w s  th e  p ro b a b ilit y  o f  
re a c h in g  m a x im um  p e a k  s t a g e s  a t  a n y  t im e  d u r in g  th a t  s am e  
5 -d a y s . S h o w n  to g e th e r  th is  w a y , t h e  p ro d u c t  m is le d  p a r t ic i-
p a n t s  in to  th in k in g  th e  d e te rm in is t ic  a lig n e d  w ith  th e  p ro b a -
b ilit ie s  o n  a n  h o u r-b y -h o u r  o r  d a y -b y -d a y  b a s is . 

P a r t ic ip a n t  s t a te m e n t s  a b o u t  th e  e x p re s s io n  o f  c o n fi d e n c e  in  

F ig u re  1 0 . E u re k a , C A  - R o u n d  1  H y d ro g ra p h  (le f t ); 5 -D a y  M a x im um  F lo w  
P ro b a b ilit ie s  (r ig h t  to p ) a n d  5 -D a y  M a x im um  P e a k  S t a g e  (r ig h t  b o t to m ).
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th e  p ro d u c t  re v e a le d  c o n t in u e d  c o n fu s io n  a b o u t  w h a t  th e  

v a r io u s  e le m e n t s  w e re  d is p la y in g , w ith  o n e  s u g g e s t in g  th a t  

th e  fo re c a s t  c e r t a in t y  w a s  re p re s e n te d  a s  c o n s ta n t  a c ro s s  th e  

5 -d a y  p e r io d , a n d  s a id  th a t  “d o e sn ’t  s e em  c re d ib le ” a n d  th a t  

“ I t  h a s  in c re a s in g  u n c e r ta in t y  a s  t im e  g o e s  b y.”  A n o th e r  a s k e d  

w h y  th e  p ro b a b ilis t ic  a n d  d e te rm in is t ic  fo re c a s t s  d id n ’t  s e em  

to  m a tc h  a n d  in d ic a te d  d e c re a s e d  t ru s t  u p o n  fi n d in g  th e  

d is c re p a n c y : “I  d o n ’t  u n d e rs ta n d  w h y  th e  p ro b a b il is t ic  isn ’t  a t  

th e  5 0  p e rc e n t , i f  i t ’s  d e te rm in is t ic , i t  sh o u ld  b e  th e  5 0  p e rc e n t  

p ro b a b il it y. O th e rw ise , w h a t  a re  yo u  g iv in g  m e ?” D e sp ite  

s o m e  c o n fu s io n  a n d  a  la c k  o f  c la r it y  a b o u t  w h e th e r  th e  

p ro b a b ilis t ic  in fo rm a t io n  w a s  b e in g  p ro p e r ly  u n d e r s to o d , 

w h e n  p re s e n te d  th e  p ro d u c t  s e v e ra l t im e s  d u r in g  th e  

s c e n a r io , u s e r s  b e g a n  to  e x p re s s  th a t  re c e iv in g  p ro b a b ilis t ic  

in fo rm a t io n  w o u ld  b e  im p o r t a n t  to  d e c is io n -m a k in g . “I ’d  b e  

te l l in g  h im , th is  m ig h t  n o t  h a p p e n , b u t  yo u ’re  g o in g  to  h a v e  to  

p re p a re  a s  th o u g h  it  w il l  b e ca u se  th e  c o s t  fo r  n o t  p re p a r in g  is  

to o  h ig h .”  

S o m e  p a r t ic ip a n t s  f a v o re d  th e  5 -d a y  M a x im um  F lo w  p ro b -
a b ilit y  g ra p h ic  (F ig u re  1 0 ) fo r  re a d a b ilit y , t h o u g h  o n e  u s e r  
c o m p la in e d  th a t  s im ila r  to  th e  s t a g e  p ro d u c t  d is c u s s e d  
p re v io u s ly , t h e  t a b le  re p re s e n te d  th e  p ro b a b ilit ie s  a s  e q u a lly  
c e r t a in  a c ro s s  a  5 -d a y  p e r io d , e v e n  th o u g h  a  1 -d a y  fo re c a s t  
p e r io d  w o u ld  h a v e  m u c h  h ig h e r  c e r t a in t y  th a n  s u b s e q u e n t  
d a y s . D e sp ite  th is  c o n c e rn , s o m e  fo u n d  th is  t a b le  e a s ie r  to  
d ig e s t  t h a n  th e  g ra p h ic  p re s e n ta t io n .

S o m e  e x p re s s e d  th a t  th e re  is  v a lu e  in  d ire c t  N W S  e x p re s s io n s  

o f  c o n fi d e n c e  s u c h  a s  th o s e  re la y e d  in  fo re c a s t  d is c u s s io n s , 

c it in g  th e  h e lp fu ln e s s  o f  e x p la n a t io n s  s u c h  a s  “w e  h a v e  p o o r  

ru n -to -ru n  a g re em en t  o n  th e  m o d e l’ o r  “th is  is  v e r y  w id e sp re a d  

– w e  h a v e  h ig h  c o n fi d e n c e  in  th is .” 

Pa r t ic ip a n t s  a s k e d  fo r  d e ta ils  t h a t  w o u ld  a s s is t  in  
u n d e r s t a n d in g  m o d e l p e r fo rm a n c e  o v e r  t im e , re fl e c te d  
th ro u g h  s t a te m e n t s  s u c h  a s : “I f  I  w a s  d o in g  th is , I  w o u ld  lo o k  
in  p a s t  y e a rs  a b o u t  w h a t  I  p re d ic te d  a n d  th e n  w h a t  h a p p e n e d . 
A n d  I  d o  th a t  o v e r  a n d  o v e r  a g a in  u n t i l  I  ju s t  m a d e  m y  o w n  
(d is t r ib u t io n ).” 

D u r in g  th e  lo w -fl o w  s c e n a r io , p a r t ic ip a n t s  e x p re s s e d  a p -
p re c ia t io n  fo r  a  s e a so n a l e m a il p re p a re d  b y  th e  W F O  th a t  
a d d re s s e d  fl o w  c o n d it io n s  fo r  t h e  fa ll s e a s o n , w h ic h  fu n c t io n s  
m u c h  lik e  a n  e m e rg e n c y  b r ie fi n g  in s o fa r  a s  g a th e r in g  te x t  
a n d  g ra p h ic s  o n  m u lt ip le  p a ram e te r s  in to  o n e  t ra n sm is s io n , 
w h ic h  in c lu d e s  “... m o re  c o n fi d e n c e  in fo rm a t io n . T h e  w h o le  
th in g  in  o n e  em a il  – y u p , it ’s  w h a t ’s  so  a w e so m e .  Yo u  se e  th e  
g ra p h s , y o u  s e e  th e  te x t , y o u  s e e  th e  ta b le s  a n d  it ’s  a l l  p u l le d  
to g e th e r  a n d  it ’s  a  re a l ly  g re a t  p ro d u c t .” 

F e e d b a c k  in d ic a te d  th a t  th e  in te ra c t iv e  p ro b a b ilis t ic  p ro d u c t , 
w h ic h  s h o w e d  fo re c a s t  ra n g e s  w ith  p ro b a b ilit ie s , w a s  w e ll 
re c e iv e d . S o m e  w e re  c o n fu s e d  w h y  th e  5 -9 5  p e rc e n t  s p re a d  
w a s  s o  w id e  a n d  q u e s t io n e d  it s  v a lu e  b u t  p a r t ic ip a n t s  e x -
p re s s e d  a n  in te re s t  in  re c e iv in g  u n c e r t a in t y , w ith  o n e  s a y in g : 
“I ’d  ra th e r  th em  ju s t  b e  h o n e s t  a b o u t  it . J u s t  sa y, ‘lo o k , w e  a re  
n o t  a l l  th a t  c o n fi d e n t . I t ’s  a  re a l ly  w id e  e r ro r  b a r ’. I ’d  ra th e r  k n o w  
th a t  th a n  ju s t  h a v e  o n e  l in e  a n d  sa y, ‘h e re ’s  o u r  p re d ic t io n ’.”  

Pa r t ic ip a n t s  re m a in e d  c o n fu s e d  w h e n  th e  d e te rm in is t ic  lin e  
fe ll o u t s id e  th e  “m o s t  lik e ly ” c a te g o r y  o n  th e  p ro b a b ilis t ic  
fo re c a s t s , a n d  a s k e d  fo r  m o re  in fo rm a t io n  a b o u t  w h a t  w a s  
d r iv in g  th e  fo re c a s t s : “D o  th e y  in c lu d e  a n te c e d e n t  p re c ip ita t io n  
fo r  e xam p le ?  Wa s  th a t  in  th e  e n sem b le  o r  n o t?   Wa s  it  in  th e  
d e te rm in is t ic  o r  n o t?   I t  w o u ld  b e  h e lp fu l  to  h a v e  th a t , y e s .”  
P a r t ic ip a n t s  s u g g e s te d  th a t  p ro d u c t s  in c lu d e  s h o r t  d e s c r ip -
t io n s  o f  t h e  in fo rm a t io n  to  m a k e  th e  d a ta  a s  c le a r  a s  p o s s ib le  
to  u s e r s  u p  f ro n t : “M a yb e  sum m a r iz e  w h a t  w e  a re  lo o k in g  a t  
h e re . W e ’re  n o t  ju s t  lo o k in g  a t  a  g ra p h . O ka y. W h a t ’s  h a p p e n in g  
to m o rro w ? L ik e , y o u  k n o w , yo u  w a n t  to  h a v e  a  b r ie f  u n d e rs ta n d -
in g  o f  w h a t  yo u  a re  lo o k in g  a t  b e fo re  yo u  lo o k  a t  it .”  A n o th e r  
n o te d : “Fo r  th e  g e n e ra l  p u b lic  it  w o u ld  b e  h e lp fu l  ju s t  to  re a l ly  
sp e l l  i t  o u t  a n d  n o t  e x p e c t  u s  to  b e  a s  sm a r t  a s  m e te o ro lo g is t s .” 

R e s id e n t ia l  U se rs

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  p re s e n te d  w ith  a  5 -d a y  h ig h -
fl o w  s c e n a r io , fo llo w e d  b y  a  b r ie f  d is c u s s io n  o f  v a r io u s  w a y s  
o f  d is p la y in g  th e  5 -d a y  M a x im um  P e a k  S t a g e  P ro b a b ilit ie s  
p ro d u c t , in c lu d in g  v a r ia t io n s  s h o w in g  t ra c e s  a n d  d iff e re n t  
fo re c a s t  p e r io d s  (5 -d a y  a n d  1 -d a y  v a r ia n t s ). P ro d u c t s  s h o w n  
w e re  th e  s am e  a s  th e  p ro fe s s io n a l s c e n a r io , in c lu d in g  Q P F, 
h y d ro g ra p h , 5 -d a y  m a x im um  p e a k  s t a g e  a n d  fl o w  p ro b a b ilit y  
p ro d u c t s  a n d  t a b le s , a n d  b r ie fi n g  in fo rm a t io n , fo llo w e d  b y  a  
b r ie f  d is p la y  o f  t h e  in te ra c t iv e  p ro to t y p e .
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A s  w ith  th e  p ro fe s s io n a l g ro u p , p a r t ic ip a n t s  in  th is  s e s s io n  
d is c u s s e d  lim ite d  c o n fi d e n c e  in  th e  h y d ro g ra p h  u n t il t h e  
v e r y  s h o r t -te rm  fo re c a s t , s a y in g  “T h e  w e a th e r  a ro u n d  h e re  
c h a n g e s  in  th e  b l in k  o f  a n  e ye .  T h e y  p re d ic t  s to rm s  th a t  a re  
g o in g  to  b e  h u g e  a n d  th e n  w e  g e t  a  h a lf  in c h  in s te a d  o f  th re e  
in c h e s .”  H y d ro g ra p h  in fo rm a t io n  w a s  m o re  t ru s te d  in  th e  
2 4 -h o u r  ra n g e . R e s id e n t s  e x p re s s e d  a  n e e d  fo r  c le a r  d e s c r ip -
t io n  o f  t e rm s  lik e  “g u id a n c e ” a n d  w a y s  to  u n d e r s t a n d  c le a r ly  
h o w  v a r io u s  fo re c a s t  le v e ls  lin k  to  im p a c t s . 

F o r  t h e  5 -d a y  M a x im um  P e a k  S t a g e  fo re c a s t  p ro d u c t , u s e r s  
s t ru g g le d  to  u n d e r s t a n d  th e  p ro d u c t  a t  a ll, n e e d in g  m o re  
c la r ifi c a t io n  o n  th e  e le m e n t s  o f  t h e  p ro d u c t , in c lu d in g  
n e e d in g  to  k n o w  th e  lo c a t io n  (g a g e ) a n d  to  u n d e r s t a n d  
th a t  th e  n u m b e rs  w e re  re fe re n c in g  r iv e r  le v e l. S o m e  p a r-
t ic ip a n t s  e x p re s s e d  a p p re c ia t io n  a t  re c e iv in g  p ro b a b ilis t ic  
in fo rm a t io n , e v e n  a s  th e ir  u n d e r s t a n d in g  o f  t h e  p a r t ic u la r  
re p re s e n ta t io n  w a s  g e n e ra lly  lo w , s a y in g  th e  p ro d u c t  w o u ld  
fo c u s  th em  o n  th e  r iv e r ’s  p o te n t ia l “b e ca u se  w e  n e v e r  k n o w  
w h a t  it ’s  g o in g  to  d o .” O th e r s  s a id  th a t  a  5 -d a y  fo re c a s t  w a s  
n o t  h e lp fu l b e c a u s e  th e  “w e a th e r  is  so  e x t rem e” a n d  b e c a u s e  
“m o s t  p e o p le  w h o  l iv e  n e x t  to  th e  r iv e r  (w o u ld  b e ) lo o k in g  
a t  th e  w a te r, n o t  a t  th e  c o m p u te r.”  T h e  u s e  o f  c o lo r  o n  th e  
p ro d u c t  w a s  s o m e t im e s  p ro b le m a t ic , a s  fo r  t h e  u s e r  w h o  
p o in te d  o u t  th a t  th e  re d  c o lo r  w o u ld  s e em  to  im p ly  a n  a re a  
o f  fl o o d in g , t h o u g h  in  fa c t  t h e  re d  w a s  u s e d  to  im p ly  a  le v e l 
o f  c o n fi d e n c e .  E c h o e d  b y  a n o th e r, “w e  w e re  lo o k in g  a t  re d  
a n d  w e  th in k  r is k .” 

S o m e  p a r t ic ip a n t s  p re fe r re d  th e  5 -d a y  M a x im um  P e a k  F lo w  
P ro b a b ilit y  fo re c a s t  p ro d u c t , d e s c r ib in g  it  a s  c le a r  a n d  e a s ie r  
to  re a d . R e sp o n se  w a s  n e a r ly  e v e n ly  s p lit  w h e n  a s k e d  th e ir  
p re fe re n c e  b e tw e e n  th is  g ra p h ic  a n d  th e  5 -d a y  M a x im um  
P e a k  S t a g e  p re s e n ta t io n  o f  p ro b a b ilis t ic  in fo rm a t io n .    
W h e n  p re s e n te d  w ith  th e  in te ra c t iv e  v e r s io n  o f  t h e  H E F S  
o u tp u t s , re s p o n s e  w a s  m u c h  m o re  fa v o ra b le . P e o p le  fo u n d  
th is  v e r s io n  o f  p ro b a b ilis t ic  in fo rm a t io n  “m o re  re a d a b le ,”  
a n d  re q u e s te d  th a t  it  in c lu d e  th e  a c t io n /m o n ito r  a n d  fl o o d  
s t a g e  lin e s  th a t  w e re  s h o w n  o n  th e  h y d ro g ra p h . P e o p le  
a p p re c ia te d  th e  o p t io n s  fo r  in te ra c t iv it y . 

N e w  Yo r k  - O w e g o  
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls  

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  s h o w n  a  s e r ie s  o f  p ro d u c t s  a s  
p a r t  o f  a  5 -d a y  r iv e r-fl o o d  s c e n a r io .  P ro d u c t s  in c lu d e d  h y d ro -
g ra p h s , H E F S  g ra p h ic s  s h o w in g  d e te rm in is t ic  a n d  p ro b a b ilis t ic  
fo re c a s t s  o n  o n e  g ra p h  (F ig u re  1 1 ), b r ie fi n g  p a c k a g e s  f ro m  
b o th  th e  W F O  a n d  th e  M A R F C , q u a n t it a t iv e  p re c ip it a t io n  fo re -
c a s t s , s n o w  p ro d u c t s , 5 -d a y  r iv e r  fl o o d  o u t lo o k , fl o o d  w a tc h e s  
a n d  w a rn in g s  a n d  o th e r  p ro d u c t s . T h is  a n a ly s is  w ill fo c u s  o n  
re sp o n s e  to  th e  h y d ro g ra p h , H E F S  a n d  b r ie fi n g  m a te r ia ls . 

P ro fe s s io n a ls  in  th is  g ro u p  w e re  fam ilia r  w ith  th e  h y d ro g ra p h  
a n d  u s e d  it  re g u la r ly . S o m e  p a r t ic ip a n t s  fo u n d  in te rp re t in g  
th e  H E F S  p ro d u c t  (F ig u re  1 1 ) d iffi c u lt  a n d  c o m m e n te d  th a t  
th e  le g e n d  in fo rm a t io n  w a s  to o  sm a ll a n d  h a rd  to  id e n t if y . 
S o m e  s u g g e s te d  th a t  th is  in fo rm a t io n  w o u ld  b e  h e lp fu l, b u t  
n o t  fo r  p u b lic  c o n su m p t io n , b e c a u s e  it  w o u ld  re q u ire  to o  
m u c h  e x p la n a t io n . O th e r s  s u g g e s te d  th a t  s h a r in g  w ith  th e  
p u b lic  m ig h t  t r ig g e r  a d d it io n a l p re p a re d n e s s  w h e n  p e o p le  
s e e  th e  p o te n t ia l fo r  w o r s e  o u tc o m e s : “It  m ig h t  n o t  b e  a  b a d  
id e a  b e ca u se  w ith  so m e  p e o p le , th e y  n e e d  a  p a n ic  s itu a t io n  
b e fo re  th e y  m o v e .”  A n o th e r  s u g g e s te d  th a t  p u b lic  u s e r s  m a y  
b e  le s s  c a re fu l, a n d  s e e  a  s h a d e d  a re a  a s  a  h ig h  le v e l w ith o u t  
u n d e r s t a n d in g  th e  p ro b a b ilit y  o f  re a c h in g  th a t  le v e l is  v e r y  
lo w :  “I  th in k  th a t  th e y  m ig h t  ta k e  a  g la n c e  a n d  g o , o h  m y  g o d , 
lo o k  it ’s  a t  3 7  fe e t , a n d  n o t  re a l ly  lo o k  a t  th e  le g e n d .”  	

F ig u re  1 1 . O w e g o , N Y  - R o u n d  1  H E F S  p ro d u c t .
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Pa r t ic ip a n t s  a p p re c ia te d  th e  lo n g e r  t im e  h o r iz o n  o ff e re d  
b y  th e  H E F S . O n e  p a r t ic ip a n t  a s k e d  to  s e e  th e  t re n d s  o n  th e  
p ro b a b ilis t ic  fo re c a s t  to  s e e  h o w  p ro b a b ilit ie s  a re  c h a n g -
in g  d a y  to  d a y  a n d  h o w  th e y  c o m p a re  to  a c tu a l r iv e r  le v e ls  
re a c h e d . O th e r s  a g re e d  th a t  th e y  w o u ld  lik e  to  “g ro u n d  t ru th ” 
th e  p ro d u c t  d u r in g  a  s ig n ifi c a n t  s to rm  to  s e e  h o w  p ro b a b ili-
t ie s  c o m p a re d  to  a c tu a l le v e ls  b e fo re  re ly in g  o n  th e  in fo rm a -
t io n . In  re s p o n s e  to  r is in g  p ro b a b ilit ie s  o f  a  fl o o d , p a r t ic ip a n t s  
in d ic a te d  th e y  w o u ld  s e e k  o th e r  in fo rm a t io n  to  c o n fi rm  th e  
lik e lih o o d  o f  t h e  e v e n t , s u c h  a s  “c h e c k in g  th e  w e a th e r  a g a in  ... 
re a l ly  ju s t  s e e in g , yo u  k n o w , w h e re  th e  s to rm ’s  a t ,” a n d  w h e th e r  
th e  g ro u n d  is  f ro z e n , fo r  in s t a n c e .  

P a r t ic ip a n t s  re q u e s te d  th e  a b ilit y  to  lis t  h is to r ic a l fl o o d  c re s t s  
o n  th e  H E F S  d is p la y  fo r  q u ic k  re fe re n c e  to  e s t im a te  im p a c t s . 
T h e y  in d ic a te d  th e y  w o u ld  u s e  th e  p ro d u c t , w ith  o n e  p a r-
t ic ip a n t  c a llin g  it  “a n o th e r  to o l  in  th e  to o lb o x ,” a n d  th a t  th e y  
w o u ld  u s e  it  in  c o n ju n c t io n  w ith  th e  h y d ro g ra p h  a s  th e  e v e n t  
a p p ro a c h e d .  

P a r t ic ip a n t s  w e re  fam ilia r  w ith  e m e rg e n c y  b r ie fi n g s  a n d  
re p o r te d  u s in g  a n d  s h a r in g  th em  w ith  p u b lic  a u d ie n c e s , 
in c lu d in g  v ia  Fa c e b o o k  to  th e  v illa g e ’s  c e n t ra l p a g e . “We  a l l  
k n o w  a b o u t  it  s o m eh ow ,” o n e  p a r t ic ip a n t  s a id , id e n t if y in g  
th a t  th e  b r ie fi n g  in fo rm a t io n  is  c irc u la te d  in  th e  p ro fe s s io n a l 
c o m m u n it y . O n e  p a r t ic ip a n t  s u g g e s te d  th a t  th e  p re s e n c e  o f  
a  b r ie fi n g  it s e lf  w a s  a  th re sh o ld  e v e n t  th a t  in d ic a te d  it  w a s  
t im e  to  p a y  a t te n t io n  to  th e  w e a th e r : “T h e y  d o n ’t  d o  a  b r ie fi n g  
ju s t  fo r  th e  h e c k  o f  it .” P a r t ic ip a n t s  v a lu e d  im p a c t  d e s c r ip t io n s , 
a s  w e ll a s  h is to r ic a l c o m p a r is o n s , a n d  re q u e s te d  e v a c u a t io n  
ro u te  in fo rm a t io n . T h e y  a ls o  c ite d  th e  im p o r t a n c e  o f  t h e  
re la t io n sh ip  w ith  th e  fo re c a s te r s  a t  N W S  w h o  a re  d is t r ib u t in g  
th e  in fo rm a t io n , n o t in g  th a t  in fo rm a t io n  v ia  p h o n e  c a ll c a n  
b e  v e r y  p o w e r fu l in  a d d it io n  to  w r it te n  b r ie fi n g s .  R e c a llin g  
o n e  m e te o ro lo g is t  w h o  e x p re s s e d  v e rb a l d re a d  a t  t h e  c o m in g  
e v e n t  in  a  p h o n e  b r ie fi n g , th e  p a r t ic ip a n t  s a id , “ I  rem em b e r  
th a t  w a s  sp o t  o n . Ye p . Ye a h , it  re a l ly  g o t  o u r  a t te n t io n .”  

R e s id e n t ia l  U se rs

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  s h o w n  th e  s am e  p ro d u c t s  
a s  th e  p ro fe s s io n a ls .  T h e y  h a d  s o m e  fam ilia r it y  w ith  th e  
h y d ro g ra p h , a n d  a  fe w  w e re  aw a re  o f  v a r io u s  g a g e s  in  th e  
re g io n . P a r t ic ip a n t s  s u g g e s te d  m o re  e d u c a t io n  to  th e  p u b lic  
a b o u t  th e  a v a ila b ilit y  o f  h y d ro g ra p h s  w o u ld  b e  im p o r t a n t  to  
in c re a s e  th e ir  u s e . 

P a r t ic ip a n t s  g a v e  d e ta ile d  s u g g e s t io n s  fo r  im p ro v in g  th e  
d is p la y , in c lu d in g  c le a re r  la b e lin g  o n  th e  r iv e r  le v e l a n d  
w h a t  e x a c t ly  th a t  m e a n t , a n d  s u g g e s te d  in c lu d in g  th e  w o rd  
“g a g e ” s o  p e o p le  c o u ld  u n d e r s t a n d  h o w  th e  le v e ls  w e re  b e in g  
m e a su re d  a n d  fo re c a s t . O n e  p a r t ic ip a n t  n o te d  th a t  th e  sm a ll 
le g e n d  b e n e a th  th e  h y d ro g ra p h  s h o w e d  “fo re c a s t ” w ith  a  
b lu e  ic o n , fo llo w e d  b y  “s e r ie s” w ith  a  p in k  ic o n  to  re p re s e n t  
th e  o b s e r v e d  a re a , b u t  th a t  th is  o rd e r  is  in  f a c t  b a c kw a rd  
c o m p a re d  to  th e  w a y  th a t  th e  e le m e n t s  a re  s h o w n  o n  th e  
p ro d u c t  (w ith  fo re c a s t  o c c u r r in g  a f te r  s e r ie s ) a n d  fu r th e r, 
a s k e d  w h a t  “s e r ie s” m e a n t . P a r t ic ip a n t s  n o te d  th a t  s e e in g  
p a s t  m a jo r  fl o o d  e v e n t s  o n  th e  h y d ro g ra p h  w o u ld  b e  h e lp fu l 
fo r  u n d e r s t a n d in g  p o te n t ia l im p a c t s  f ro m  c u r re n t  fo re c a s t s , 
a s  w o u ld  s e e in g  p a s t  fo re c a s t s  a lo n g  w ith  th e  o b s e r v e d  d a ta  
to  u n d e r s t a n d  h o w  w e ll t h e  fo re c a s t s  h a v e  b e e n  p e r fo rm in g : 
“T h a t  w o u ld  in c re a se  m y  c o n fi d e n c e ,”  s a id  o n e  p a r t ic ip a n t  in  
a g re em e n t  w ith  th is  id e a . 

P a r t ic ip a n t s  w e re  m ix e d  in  in it ia l re s p o n s e  to  th e  H E F S  a n d  
w e re  u n fam ilia r  w ith  p ro b a b ilis t ic  fo re c a s t s . O v e ra ll, fe e d b a c k  
in d ic a te d  th a t  th e  p ro d u c t  n e e d e d  to  b e  s im p le r, le g e n d  
ite m s  la rg e r  a n d  c le a re r, a n d  th a t  th e  c o lo r  s c h em e  n e e d e d  
a d ju s tm e n t  to  b e  le s s  d is t ra c t in g , w ith  s o m e  s u g g e s t in g  
s im p le  lin e s  m a y  w o rk  b e t te r  t h a n  fi llin g  in  th e  ra n g e s  w ith  
s o lid  c o lo r s , a n d  a n o th e r  s u g g e s t in g  p a t te rn s  in s te a d  o f  c o l-
o r s . Im m e d ia te  re sp o n s e  g e n e ra lly  re fl e c te d  a  s e n s e  o f  b e in g  
o v e rw h e lm e d  o n  th e  p a r t  o f  t h e  p a r t ic ip a n t s .  W ith  re p e a te d  
e x p o su re  to  th e  p ro d u c t , p a r t ic ip a n t s  b e g a n  to  s u g g e s t  t h a t  
s h o w in g  p a s t  e v e n t s  a n d  p a s t  p e r fo rm a n c e  o f  t h e  e n s em b le  
fo re c a s t s  w o u ld  h e lp  b u ild  t ru s t  a n d  u n d e r s t a n d in g : “ S a y, 
o k , th is  is  w h a t  h a p p e n e d  in  2 011 , 2 005 , a n d  ... I  th in k  i f  y o u  
c a n  sh o w  m e  w h a t  ... th e  p a s t  w a s  l ik e , I  c a n  sa y, y o u  k n o w , 
th e y  w e re  sp o t  o n  o r  th e y  w e re  re a l ly  o ff .”  A n o th e r  c o n fi rm e d : 
“g ro u n d -t ru th in g .” P a r t ic ip a n t s  a ls o  b e g a n  to  a n a ly z e  th e ir  
r is k  in  lig h t  o f  t h e  e n s em b le  d a ta , d is c u s s  p la n s  fo r  p re p a r in g  
fo r  a  p o te n t ia l fl o o d , a n d  to  t a lk  a b o u t  th e  o th e r  in fo rm a t io n  
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C o lo r a d o  – G u n n i s o n  
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls  

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  p re s e n te d  a  m o n th -lo n g  
s c e n a r io  w ith  h ig h  s n o w p a c k  a n d  p o s s ib le  fl o o d in g  a lo n g  th e  
E a s t  R iv e r  n e a r  A lm o n t . In  a d d it io n  to  m o c k e d -u p  h y d ro -
g ra p h s  a n d  p ro b a b ilis t ic  H E F S  p ro d u c t s  (F ig u re  1 2 B ), t h e  
s c e n a r io  in c lu d e d  h y d ro lo g ic  o u t lo o k s , s n o w p a c k  p ro d u c t s  
f ro m  th e  N R C S  a s  w e ll a s  t h e  C o lo ra d o  B a s in  R iv e r  F o re c a s t  
C e n te r  (C B R F C ), r iv e r  fl o w  c o m p a re d  to  n o rm a l, m o d e le d  s o il 
m o is tu re  p ro d u c t s , t e x t -b a s e d  w e a th e r  fo re c a s t  s u m m a r ie s  
in c lu d in g  te m p e ra tu re , fl o o d  w a tc h e s  a n d  w a rn in g s , a n d  
im p a c t  s t a te m e n t s .  F o llo w in g  th e  s c e n a r io , p a r t ic ip a n t s  
a ls o  w e re  s h o w n  a  M e a n  D a ily  P e a k  F lo w  F o re c a s t  p ro d u c t  
in  e x is t in g  a n d  p ro p o s e d  fo rm a t s , a  w a te r  s u p p ly  fo re c a s t , 
C h a n c e  o f  E x c e e d in g  R iv e r  S t a g e  (F ig u re  1 2 A ), W e e k ly  C h a n c e  
o f  E x c e e d in g  R iv e r  S t a g e  p ro d u c t s , a n d  a  v a r ia n t  fo rm a t  o f  
t h e  h y d ro g ra p h  a s  is s u e d  f ro m  th e  C B R F C  c u r re n t ly , s h o w in g  
fo re c a s t  p ro b a b ilit ie s . To g e th e r, t h e s e  p ro d u c t s  to ld  th e  s to r y  
o f  a n  im p e n d in g  p o s s ib le  fl o o d  th ro u g h  th e  re g io n . 

P ro fe s s io n a ls  in  th is  g ro u p  h a d  s o m e  fam ilia r it y  w ith  th e  
h y d ro g ra p h . T h e y  a s k e d  fo r  c le a r  d e fi n it io n s  o f  t h e  d e fi n e d  
s t a g e s  (a c t io n , m in o r, m o d e ra te , m a jo r ) a llo w in g  th em  to  u n -
d e r s t a n d  h o w  th e  s t a g e s  w e re  e s t a b lis h e d  a n d  w h a t  im p a c t s  
c o u ld  b e  e x p e c te d  a t  e a c h  le v e l. S o m e  h a d  p re v io u s  p o s it iv e  
e x p e r ie n c e  w ith  h y d ro g ra p h s  th a t  c re a te d  a  t ru s t  in  th e  
fo re c a s t , w h ile  o th e r s  in d ic a te d  a  la c k  o f  t ru s t  t h a t  th e  le v e ls  
h a d  b e e n  e s t a b lis h e d  b y  h is to r ic a l e v e n t s  a n d  s u g g e s te d  th e y  

O ve ra l l, fe e d b a c k  in d ic a te d  th a t  th e  p ro d u c t  

n e e d e d  to  b e  s im p le r, le g e n d  item s  la rg e r  a n d  

c le a re r, a n d  th a t  th e  c o lo r  s c h em e  n e e d e d  a d ju s t-

m en t  to  b e  le s s  d is t ra c t in g , w ith  so m e  su g g e s t in g  

s im p le  l in e s  m a y  w o rk  b e t te r  th a n  fi l l in g  in  th e  

ra n g e s  w ith  so l id  c o lo rs , a n d  a n o th e r  su g g e s t in g  

p a t te rn s  in s te a d  o f  c o lo rs . Im m ed ia te  re sp o n se  

g e n e ra l ly  re fl e c te d  a  s e n se  o f  b e in g  o v e rw h e lm e d  

o n  th e  p a r t  o f  th e  p a r t ic ip a n ts . 

th e y  w o u ld  b e g in  to  lo o k  fo r, s u c h  a s  e v id e n c e  o f  a n y  ic e  
jam s . W h e n  p re s e n te d  w ith  d iv e rg e n c e  b e tw e e n  th e  d e te r-
m in is t ic  a n d  p ro b a b ilis t ic  fo re c a s t s , p a r t ic ip a n t s  w a n te d  m o re  
in fo rm a t io n  to  e x p la in  th e  d is c re p a n c y . S o m e  in d ic a te d  t ru s t  
in  th e  d e te rm in is t ic  b e c a u s e  it  w a s  p e rc e iv e d  to  b e  in fl u e n c e d  
b y  fo re c a s te r s  w ith  e x p e r ie n c e : “I  th in k  th e  re a so n  w h y  yo u  se e  
th a t  d iv e rg e  (is ) b e ca u se  th e  N a t io n a l W e a th e r  S e r v ic e  k n o w s  
m o re  a b o u t  o u r  a re a s  th a n  th e  m o d e ls  d o . A n d  so  th e y  a re  
ta k in g  th e ir  e x p e r ie n c e  a n d  sa y in g , O K  ... i t ’s  g o in g  to  b e  w o rse  
th a n  w h a t  th e  m o d e l is  g o in g  to  p re d ic t .” O th e r s  in d ic a te d  a  
p re fe re n c e  fo r  fo llo w in g  th e  h ig h e r  fo re c a s t  w h e n  in  c o n fl ic t , 
to  b e  o v e r  ra th e r  th a n  u n d e r  p re p a re d . S o m e  s u g g e s te d  th a t  
th e  H E F S  b e  p re s e n te d  a s  a n  in te ra c t iv e  p la t fo rm  th a t  w o u ld  
a llo w  in c re a s in g  le v e ls  o f  s o p h is t ic a t io n  o f  d a ta  to  a c c o m m o -
d a te  le s s  a n d  m o re  e x p e r ie n c e d  u s e r s . 

T h e  e m e rg e n c y  b r ie fi n g  w a s  g e n e ra lly  w e ll re c e iv e d , w ith  
p a r t ic ip a n t s  a p p re c ia t in g  it s  b re v it y  a n d  e a s y -to -re a d , 
s t ra ig h t fo rw a rd  fo rm a t . P a r t ic ip a n t s  s u g g e s te d  th a t  th e  
b r ie fi n g s  s h o u ld  b e  a  t r ig g e r  fo r  lo c a l a c t io n  a n d  a s k e d  
th a t  th e y  b e  is s u e d  m o re  f re q u e n t ly , e v e r y  6  h o u r s , d u r in g  
a c u te  e v e n t s . P a r t ic ip a n t s  p ro v id e d  s p e c ifi c  fe e d b a c k  o n  
c o m p o n e n t s  o f  t h e  b r ie fi n g , s u g g e s t in g  th a t  s o m e  te rm s  
in  th e  p ro d u c t  s h o w in g  R is k  fo r  F la sh  F lo o d in g  w e re  n o t  
im m e d ia te ly  in tu it iv e  – fo r  in s t a n c e , t h e  d iff e re n c e  b e tw e e n  
m a rg in a l a n d  s lig h t  – a n d  n o t in g  th a t  u s in g  g re e n  a s  a  c o lo r  
fo r  e x c e s s iv e  ra in  c o u ld  c o n fu s e  p e o p le  a s  g re e n  c a n  b e  p e r-
c e iv e d  a s  a  “c o m fo r t in g ” c o lo r. T h e  fl o o d  w a rn in g  p o ly g o n  w a s  
n o t  f a v o re d  b u t  in fo rm a t io n  a b o u t  s a tu ra t io n  w a s  c o n s id e re d  
im p o r t a n t , a s  w e re  r is k  a n d  im p a c t  in fo rm a t io n . 

F ig u re  1 2 A . G u n n is o n , C O  - R o u n d  1  W e e k ly  C h a n c e  o f  E x c e e d in g  
R iv e r  S t a g e .

F ig u re  1 2 B . G u n n is o n , C O  - R o u n d  1  H E F S  p ro d u c t .
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w o u ld  u s e  th em , b u t  w o u ld  c o m p a re  th em  to  o th e r  d a ta  fo r  
im p ro v e d  c o n fi d e n c e  w h e n  m a k in g  d e c is io n s . F o r  in s t a n c e , 
o n e  p a r t ic ip a n t  s a id  th a t  a  fe w  d a y s  in  a d v a n c e  o f  a  fo re -
c a s te d  fl o o d , “I ’m  g o in g  o u t  m y se lf  to  k n o w n  a re a s , ju s t  s e e in g  
h o w  m u c h  it  is  r is in g , c a u se  I ’v e  s e e n  it  b e  v e r y  a c c u ra te  a n d  I ’v e  
s e e n  it  b e  k in d  o f  l ik e , E h , n o t  so  m u c h .”  P a r t ic ip a n t s  e x p re s s e d  
v a lu e  in  lo n g e r-te rm  d e te rm in is t ic  fo re c a s t s , lo n g e r  th a n  fi v e  
d a y s  a s  s h o w n , th o u g h  s o m e  p a r t ic ip a n t s  in d ic a te d  th a t  th e y  
w o u ld  s t i ll  b e  u s in g  p ro b a b ilis t ic  fo re c a s t s  a t  n in e  d a y s  o u t , 
c it in g  lim ite d  s k ill  in  d e te rm in is t ic  fo re c a s t s  a t  t h a t  ra n g e .  
P a r t ic ip a n t s  a ls o  e x p re s s e d  a  n e e d  fo r  p ro d u c t  e le m e n t s  to  
b e  c le a r ly  d e fi n e d  in  th e  le g e n d  a n d  a s k e d  fo r  a n  e a s y  w a y  to  
b o o km a rk  a n d  e x p o r t  t h e  g ra p h ic  fo r  s h a r in g . 

P a r t ic ip a n t s  e x p re s s e d  v a lu e  in  re c e iv in g  p ro b a b ilis t ic  fo re -
c a s t s  a s  f a r  a s  a  m o n th  o u t , s u g g e s t in g  th a t  th e ir  m u n ic ip a l 
d e c is io n -m a k e r s  w a n t  th is  in fo rm a t io n , a n d  th a t  it  c o u ld  b e  
h e lp fu l fo r  s h a r in g  w ith  th e  p u b lic  v ia  a  w e b s ite  o r  s o c ia l m e -
d ia . O n e  p a r t ic ip a n t  re ite ra te d  th a t  m o s t  p ro fe s s io n a ls  h a v e  a  
t ru s te d  s u ite  o f  fo re c a s t  to o ls  a n d  th a t  p re s e n t in g  to o  m u c h  
n e w  in fo rm a t io n  c a n  c re a te  a  s t a te  o f  b e in g  o v e rw h e lm e d  
th a t  is  n o t  h e lp fu l, o r  t h a t  w ill g e t  “lo s t  in  th e  fo g .”  H e  re q u e s t -
e d  a  “o n e -s to p  sh o p” fo r  n a tu ra l h a z a rd s  th a t  c o u ld  “sum m a -
r iz e  in  n a rra t iv e  w h a t  th e  d a ta  is  o u t  th e re .” 

Pa r t ic ip a n t s  s a id  th e  p ro b a b ilis t ic  in fo rm a t io n  w o u ld  b e  
h e lp fu l fo r  m o n ito r in g  a n d  p la n n in g  w a te r-b a s e d  a c t iv it ie s , 
s u c h  a s  ra f t in g  a n d  fe s t iv a l e v e n t s  th a t  o c c u r  s e a so n a lly . A ls o , 
p a r t ic ip a n t s  d is c u s s e d  th a t  in fo rm a t io n  th a t  a p p e a r s  a n o m -
a lo u s , s u c h  a s  a  fo re c a s t  t h a t  d iv e rg e s  f ro m  th e  p ro b a b ilis t ic  
m e d ia n , s h o u ld  b e  c a lle d  o u t  o n  th e  p ro d u c t  a n d  a d d re s s e d . 
P a r t ic ip a n t s  s o u g h t  c la r it y  o n  th e  d a ta  in c lu d e d  in  th e  fo re -
c a s t s , s u c h  a s  h o w  h is to r ic a l d a ta  w a s  in c lu d e d . 

B r ie fi n g s  w e re  v a lu e d  e sp e c ia lly  fo r  in fo rm a t io n  a b o u t  a n t ic i-
p a te d  im p a c t s , w ith  p a r t ic ip a n t s  n o t in g  th a t  fl o o d in g  in  s o m e  

Pa r t ic ip a n ts  e x p re s se d  v a lu e  in  re c e iv in g  p ro b a b il is t ic  

fo re ca s t s  a s  fa r  a s  a  m o n th  o u t , su g g e s t in g  th a t  th e ir  

m u n ic ip a l  d e c is io n -m a ke rs  w a n t  th is  in fo rm a t io n , 

a n d  th a t  it  c o u ld  b e  h e lp fu l  fo r  sh a r in g  w ith  th e  p u b lic  

v ia  a  w e b s ite  o r  so c ia l  m e d ia .

lo w -ly in g  a re a s  m ig h t  b e  la rg e ly  a g r ic u ltu ra l w ith  lim ite d  
im p a c t s , b u t  s o m e  a re a s  m ig h t  b e  h o u s in g  a n im a ls  o r  h o m e s , 
a n d  th e  a b ilit y  to  u n d e r s t a n d  a n t ic ip a te d  im p a c t s  w a s  c r it ic a l.

R e s id e n t ia l  U se rs

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  s h o w n  th e  s am e  p ro d u c t s  a s  
in  th e  p ro fe s s io n a l s e s s io n . W h e n  p re s e n te d  w ith  th e  h y d ro -
g ra p h , p a r t ic ip a n t s  n e e d e d  e x p la n a t io n  a b o u t  h o w  to  re a d  
th e  g ra p h ic , in c lu d in g , fo r  in s t a n c e , h o w  to  d is t in g u is h  th e  
o b s e r v e d  a n d  fo re c a s t  s e c t io n s  o f  t h e  p ro d u c t . A t  a  m o n th  
o u t , t ru s t  in  th e  h y d ro g ra p h  w a s  lim ite d  a n d  p a r t ic ip a n t s  
w a n te d  h is to r ic a l d a ta  to  c o m p a re  th e  fo re c a s t .  

R e s id e n t ia l p a r t ic ip a n t s  s t ru g g le d  to  u n d e r s t a n d  th e  p ro b -
a b ilis t ic  p ro d u c t  (F ig u re  1 2 B ), a s k in g  fo r  c la r it y  o n  th e  t it le  
a n d  le g e n d  e le m e n t s , w h ic h  th e y  s a id  w e re  sm a ll a n d  h a rd  
to  re a d  a n d  u n d e r s t a n d . L is t in g  th e  g a g e  c o d e  in  th e  t it le , 
fo r  in s t a n c e  “A L E C 2H  ... F : G E F S  F o re c a s t ”, w a s  n o t  h e lp fu l to  
p a r t ic ip a n t s  w h o  c o u ld  n o t  id e n t if y  t h a t  a s  th e  lo c a t io n  fo r  
t h e  fo re c a s t ; s im p le r  e x p la n a t io n s  w e re  re q u e s te d . Te c h n ic a l 
t e rm s , s u c h  a s  “a d ju s te d  S IM ” w e re  n o t  c le a r  o r  u n d e r s to o d . 
W ith  re p e a te d  c h a n c e s  to  v ie w  th e  H E F S  o v e r  th e  c o u r s e  o f  
t h e  s c e n a r io , p a r t ic ip a n t s  b e g a n  to  e x p re s s  th a t  it  w o u ld  
h a v e  v a lu e  fo r  t h em , p a r t ic u la r ly  fo r  s h o w in g  th e  d u ra t io n  o f  
p o te n t ia l h ig h  fl o w s  o v e r  t im e . 

P a r t ic ip a n t s  s a id  t h a t  p re s e n t in g  t h e  H E F S  in  c o n ju n c t io n  
w it h  w e a th e r  fo re c a s t s  in c lu d in g  t e m p e ra tu re  in fo rm a t io n , 
a s  w e ll  a s  re s e r v o ir  m a n a g em e n t  d e t a i ls , w o u ld  b e  h e lp -
fu l. S o m e  p a r t ic ip a n t s  e x p re s s e d  c o n c e rn  a b o u t  h o w  th e y  
c o u ld  a c c e s s  t h e  in fo rm a t io n  o r  le a rn  a b o u t  i t , l iv in g  in  a  
ru ra l a re a  n o t  g e n e ra lly  c o v e re d  b y  m e t ro p o lit a n  b ro a d c a s t  
m e te o ro lo g is t s , w it h  s o m e  n o t in g  t h a t  in fo rm a t io n  s u c h  
a s  a  fl o o d  w a tc h  o r  w a rn in g  c a n  b e  h a rd  to  re c e iv e . P a r t ic i-
p a n t s  d is c u s s e d  w a n t in g  to  b e  a b le  to  re c e iv e  e m a il u p d a te s  
w it h  a  s u m m a r y  o f  im p o r t a n t  w e a th e r  in fo rm a t io n , s u c h  
a s  a  b r ie fi n g , t o  h e lp  b r in g  t h e ir  a t t e n t io n  to  m a jo r  e v e n t s . 
A d d it io n a lly , p a r t ic ip a n t s  f a v o re d  h a v in g  d e te rm in is t ic  a n d  
p ro b a b ilis t ic  fo re c a s t s  s h o w n  to g e th e r, a s  d e m o n s t ra te d  
o n  t h e  p ro d u c t  s h o w n  a t  t h e  e n d  o f  t h e  s c e n a r io  w it h  b o th  
e le m e n t s . S o m e  a ls o  f a v o re d  s h o w in g  h is to r ic a l d a t a  (s u c h  
a s  t h e  3 0 -y e a r  a v e ra g e ), a n d  p ro b a b ilis t ic  a n d  d e te rm in is t ic  
fo re c a s t s  a ll  in  o n e  p ro d u c t . 



Making Sense of Uncertainty: Improving the Use of Hydrologic Probabilistic Information in Decision-Making
Nurture Nature Center/East Carolina University, 2020

19

e x p la n a t io n  o f  t h e  fa c to r s  d r iv in g  th e  p ro b a b ilis t ic  fo re c a s t , 
a s k in g  if  it  in c lu d e s  p re d ic te d  s n o w fa ll, fo r  in s t a n c e . O n e  
e x p la in e d  th a t  w ith o u t  u n d e r s t a n d in g  h o w  th e  p ro b a b ilit ie s  
w e re  d e r iv e d , h e  w o u ld  n o t  fe e l c o n fi d e n t , w o n d e r in g  if  it  
w a s  p e rh a p s  “J u s t  so m e  g u y  sa y in g , ‘w e ll  I  h a v e  a  lo t  o f  lo c a l  
k n o w le d g e  so  I ’m  g o in g  to  p u t  th e  p e a k  a t  1 2 ,0 00  c fs  b e ca u se  I  
h a v e  lo c a l  k n o w le d g e ’.”  P a r t ic ip a n t s  a ls o  a s k e d  fo r  t h e  le g e n d  
e le m e n t s  to  b e  la rg e r  a n d  e a s ie r  to  re a d .  S o m e  p a r t ic ip a n t s  
e x p re s s e d  th a t  p ro b a b ilit ie s  a re  h e lp fu l b e c a u s e  th e y  h a v e  
lim ite d  c o n fi d e n c e  in  th e  p re c ip it a t io n  fo re c a s t s : “T h e  m o d e ls  
... n e v e r  d o  a  v e r y  g o o d  jo b  a t  p re d ic t in g  ra in fa l l  p e a k s . B u t  I  
g u e s s  th a t ’s  th e  p o in t  o f  p u t t in g  th e  p ro b a b il it ie s  ....”  A n o th -
e r  e c h o e d  th a t  th e  fo re c a s t  p e a k s  f ro m  a n t ic ip a te d  ra in fa ll 
w o u ld  p ro v id e  a n  “o rd e r  o f  m a g n itu d e ” a b o u t  w h a t  w a s  lik e ly , 
b u t  th a t  h e  d id n ’t  h a v e  fa ith  in  th e  a c tu a l p e a k  le v e l a s  s h o w n  
b e c a u s e  o f  t h e  d iffi c u lt y  o f  fo re c a s t in g  p re c ip it a t io n  in  th e  
re g io n . T h e re  w a s  g e n e ra l a g re em e n t  th a t  th e y  w o u ld  u s e  th e  
p ro b a b ilis t ic  fo re c a s t s  to  s h a re  w ith  c lie n t s  w h o  m u s t  m a k e  
d e c is io n s  a n d  to  n o t if y  m u n ic ip a l d e p a r tm e n t s . 

W h e n  a s k e d  a b o u t  h o w  th e y  w o u ld  re sp o n d  to  d e te rm in is t ic  
a n d  p ro b a b ilis t ic  fo re c a s t s  t h a t  d iv e rg e , p a r t ic ip a n t s  s a id  th a t  
th e y  w o u ld  c a ll t h e  R F C  o r  W F O . A s  in  G u n n is o n , p ro fe s s io n -
a ls  in  th is  s e s s io n  a s k e d  fo r  h is to r ic a l r iv e r  le v e ls , m o d e le d  
e n s em b le  fo re c a s t s  a n d  d e te rm in is t ic  fo re c a s t  in fo rm a t io n  in  
o n e  p ro d u c t . 

O v e ra ll, p a r t ic ip a n t s  in  th is  s e s s io n  e x p re s s e d  t ru s t  a n d  fa ith  
in  th e  lo c a l fo re c a s t s  f ro m  th e  N W S  g e n e ra lly , a n d  s a id  th e re  
is  a  n e e d  fo r  a  w a y  to  m o re  e a s ily  n a v ig a te  th ro u g h  th e  
t re m e n d o u s  am o u n t s  o f  d a ta  a v a ila b le  o n  th e  N W S  w e b s ite s , 
s u c h  a s  q u ic k -re fe re n c e  p a g e s  th a t  c o u ld  b e  c u s to m iz e d  to  
h e lp  th em  v ie w  th e  p ro d u c t s  th e y  u s e  f re q u e n t ly .  

C o lo r a d o  - D u r a n g o
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  p re s e n te d  w ith  a  tw o -a n d -a -
h a lf  m o n th  lo w -fl o w  s c e n a r io , t h a t  in c lu d e d  s im ila r  p ro d u c t s  
to  th e  G u n n is o n  s e s s io n , in c lu d in g , in  a d d it io n  to  th e  H E F S  
a n d  h y d ro g ra p h , s n o w p a c k  p ro d u c t s  f ro m  N W S  a n d  N R C S , 
m o d e le d  s n o w  c o n d it io n s , d e p a r tu re  f ro m  n o rm a l te m p e ra -
tu re , s o il m o is tu re , r iv e r  fl o w  c o m p a re d  to  n o rm a l, U S D A  
d ro u g h t  m o n ito r  a n d  d ro u g h t  p ro d u c t s , w e a th e r  fo re c a s t  
s u m m a r ie s  a n d  te m p e ra tu re  a n d  p re c ip it a t io n  o u t lo o k s , h u r-
r ic a n e  c o n e , q u a n t it a t iv e  p re c ip it a t io n  fo re c a s t s , fl o o d  w a rn -
in g  a n d  w a tc h e s  a n d  im p a c t  s t a te m e n t s . A s  in  th e  G u n n is o n  
s e s s io n , p a r t ic ip a n t s  a ls o  w e re  s h o w n  a  s e r ie s  o f  p ro d u c t s  
p o s t -s c e n a r io  in c lu d in g  a  M e a n  D a ily  P e a k  F lo w  F o re c a s t  
p ro d u c t  in  e x is t in g  (F ig u re  1 3 ) a n d  p ro p o s e d  fo rm a t s , a  w a te r  
s u p p ly  fo re c a s t , C h a n c e  o f  E x c e e d in g  R iv e r  S t a g e , W e e k ly  
C h a n c e  o f  E x c e e d in g  R iv e r  S t a g e  p ro d u c t s , a n d  a  v a r ia n t  
fo rm a t  o f  t h e  h y d ro g ra p h  a s  is s u e d  f ro m  th e  C B R F C  c u r re n t ly , 
s h o w in g  fo re c a s t  p ro b a b ilit ie s .  

P a r t ic ip a n t s  e x p re s s e d  fam ilia r it y  w ith  th e  h y d ro g ra p h , w ith  
s o m e  in d ic a t in g  th a t  re a l-t im e  in fo rm a t io n  is  m o re  im p o r t a n t  
th a n  fo re c a s t s . M o s t  p a r t ic ip a n t s  fo u n d  a  lo t  o f  u t i lit y  in  th e  
p ro b a b ilis t ic  fo re c a s t s , w ith  o n e  c a llin g  it  “m u c h , m u c h  b e t te r ”  
t h a n  th e  h y d ro g ra p h  b e c a u s e  it  p ro v id e s  a  fu lle r  ra n g e  o f  
in fo rm a t io n . A  fe w  in d ic a te d  th a t  th e y  t ru s t  t h e  h y d ro g ra p h ’s  
c a p a c it y  to  h a n d le  s n o wm e lt  m o re  th a n  ra in fa ll e v e n t s , w h ic h  
th e y  v ie w e d  a s  le s s  p re d ic t a b le . 

S o m e  p a r t ic ip a n t s  th o u g h t  s e e in g  m o d e l t ra c e s  in  th e  
e n s em b le  w o u ld  b e  h e lp fu l, a n d  p a r t ic ip a n t s  re q u e s te d  a n  

F ig u re  1 3 . D u ra n g o , C O  - R o u n d  1  M e a n  D a ily  P e a k  F lo w  F o re c a s t

Wh en  a sk e d  a b o u t  h o w  th e y  w o u ld  re sp o n d  to  

d e te rm in is t ic  a n d  p ro b a b il is t ic  fo re ca s t s  th a t  d iv e rg e , 

p a r t ic ip a n ts  sa id  th a t  th e y  w o u ld  c a l l  th e  R F C  o r  W FO .
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R e s id e n t ia l  U se rs

R e s id e n t ia l p a r t ic ip a n t s  w e re  s h o w n  th e  s am e  p ro d u c t s  a s  
th e  p ro fe s s io n a ls , d e s c r ib e d  a b o v e . O v e ra ll, t h e y  h a d  lim ite d  
e x p e r ie n c e  w ith  th e  N W S  h y d ro g ra p h , t h o u g h  s o m e  w e re  
fam ilia r  w ith  g a g e  d a ta  p ro v id e d  th ro u g h  th e  U S G S .  

P a r t ic ip a n t s  h a d  a lm o s t  n o  e x p e r ie n c e  w ith  p ro b a b ilis t ic  
fo re c a s t s  a n d  in d ic a te d  th a t  th e y  re q u ire d  m o re  in fo rm a t io n  
a b o u t  th e  b a s is  o f  t h e  fo re c a s t  to  d e te rm in e  w h e th e r  it  w a s  
u s e fu l o r  n o t . S e v e ra l s u g g e s te d  th a t  th e  p ro b a b ilis t ic  in fo r-
m a t io n  c o u ld  lik e ly  b e  h e lp fu l to  p ro fe s s io n a ls  w h ile  a  fe w  
in d ic a te d  it  m ig h t  b e  o f  lim ite d  u s e  fo r  t h e ir  re s id e n t ia l 
p u rp o s e s . In  t r y in g  to  u n d e r s t a n d  th e  p ro d u c t , p a r t ic ip a n t s  
w a n te d  to  u n d e r s t a n d  if  t h e  fo re c a s t s  w e re  b a s e d  o n  h is to r-
ic a l d a ta  o r  “fa n c y  m o d e ls ,”  w ith  o n e  a s k in g : “Is  it  b a se d  o n  
so m e  k in d  o f  re a l  w o r ld  d a ta ?” E c h o in g  th is  s e n t im e n t  o n e  
p a r t ic ip a n t  s a id , “It  is  d iffi c u lt  to  p u t  a n y  fa ith  in  th a t  i f  y o u  d o n ’t  
k n o w  w h e re  th e  in fo rm a t io n  is  c o m in g  f ro m .” 

Pa r t ic ip a n t s  e x p re s s e d  th a t  e x p e r ie n c e  w ith  th e  fo re c a s t  
w o u ld  h e lp  in  b u ild in g  t ru s t . A d d it io n a lly , p a r t ic ip a n t s  p ro -
v id e d  s p e c ifi c  w a y s  to  im p ro v e  th e  d is p la y  o f  in fo rm a t io n  to  
im p ro v e  it s  u t i lit y , s u g g e s t in g  th a t  th e  t it le  a n d  th e  le g e n d  
w e re  n o t  c le a r ; fo r  in s t a n c e , p a r t ic ip a n t s  d id  n o t  k n o w  w h a t  
G E F S  s t a n d s  fo r  a n d  c o u ld  n o t  e x t ra c t  m e a n in g  f ro m  th e  
a c ro n ym  to  h e lp  d e te rm in e  w h a t  th e y  w e re  v ie w in g . P a r t ic -
ip a n t s  re q u e s te d  v e r y  c le a r  la b e lin g  a b o u t  w h e re  th e  g a g e  
w a s  lo c a te d  a n d  w h e n  th e  fo re c a s t  w a s  is s u e d . F u r th e r, in  th e  
d ro u g h t  s c e n a r io , p a r t ic ip a n t s  w a n te d  to  u n d e r s t a n d  h o w  th e  
r iv e r  le v e ls  c o m p a re d  to  n o rm a l a n d  re q u e s te d  c le a r  p re s e n -
ta t io n  o f  h is to r ic a l d a ta  to  c o m p a re  th e  e n s em b le  fo re c a s t  
to  p a s t  le v e ls . W h e n  th e  s c e n a r io  s h if te d  to  s h o w  a  p o te n t ia l 
fo r  r iv e r  r is e , p a r t ic ip a n t s  re q u e s te d  in fo rm a t io n  o n  im p a c t s , 
a n d  a s k e d  if  t h e  fo re c a s t  c o u ld  c o n n e c t  to  fl o o d  e le v a t io n s  
d e te rm in e d  b y  th e  F e d e ra l Em e rg e n c y  M a n a g em e n t  A g e n c y  
(F EM A ) to  h e lp  h o m e o w n e rs  k n o w  w h e n  r iv e r  le v e ls  m ig h t  
a ff e c t  th e ir  p ro p e r t ie s . P a r t ic ip a n t s  a ls o  re q u e s te d  
c le a r  d e fi n it io n s  fo r  fl o o d  le v e ls , a s  w a s  th e  c a s e  in  o th e r  
fo c u s  g ro u p s .  

P a r t ic ip a n t s  w e re  e n th u s ia s t ic  a b o u t  th e  id e a  o f  h a v in g  
in te ra c t iv e  d a ta  th a t  th e y  c o u ld  c u s to m iz e , w h ic h  w o u ld  h a v e  
fi lte r s  o r  la y e r s  th e y  c o u ld  tu rn  o n  a n d  o ff .

O ve ra l l, p a r t ic ip a n ts  in  th is  s e s s io n  e x p re s se d  

t ru s t  a n d  fa ith  in  th e  lo c a l  fo re ca s t s  f ro m  th e  

N W S  g e n e ra l ly, a n d  sa id  th e re  is  a  n e e d  fo r  

a  w a y  to  m o re  e a s i ly  n a v ig a te  th ro u g h  th e  

t rem en d o u s  a m o u n ts  o f  d a ta  a va ila b le  o n  th e  

N W S  w e b s ite s , su c h  a s  q u ic k -re fe re n c e  p a g e s  

th a t  c o u ld  b e  c u s to m iz e d  to  h e lp  th em  v iew  

th e  p ro d u c ts  th e y  u se  f re q u e n t ly. 
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F o c u s  G r o u p  A n a ly s i s :  R o u n d  T w o

C a l i f o r n ia  - E u r e k a
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls

P ro fe s s io n a ls  in  R o u n d  2  w e re  s h o w n  th e  s am e  s c e n a r io s  
(in c lu d in g  h ig h  fl o w  a n d  lo w  fl o w ) a s  R o u n d  1  p a r t ic ip a n t s . In  
th is  ro u n d , th e  h y d ro g ra p h  (F ig u re  1 4 ) a n d  H E F S  (F ig u re  1 6 ) 
o u tp u t s  d is p la y e d  w e re  re v is e d  v e r s io n s  th a t  in c o rp o ra te d  
R o u n d  1  fe e d b a c k . R e su lt s  b a s e d  o n  th e  H E F S  a n d  h y d ro g ra p h  
h e re , t h e n , re s p o n d  to  th e  re v is e d  m o c k u p s .

P a r t ic ip a n t s  re s p o n d e d  g e n e ra lly  f a v o ra b ly  a n d  w ith  s t ro n g  
in te re s t  in  th e  h y d ro g ra p h  a n d  s u g g e s te d  th a t  th e y  re lie d  o n  
h y d ro g ra p h  in fo rm a t io n  in  th e ir  w o rk  a lre a d y . P a r t ic ip a n t s  
e x p re s s e d  s o m e  c o n fu s io n  th a t  th e  p u rp le  d o t s  in d ic a t in g  th e  
e x te n d e d  g u id a n c e  p o r t io n  o f  t h e  fo re c a s t  d id  n o t  c o r re sp o n d  
to  a n y  p u rp le  o n  th e  a re a  a b o v e  th e  g ra p h ic  s h o w in g  s n o w -
m e lt  a n d  ra in .

R e sp o n se  to  th e  re v is e d  H E F S  w a s  v e r y  fa v o ra b le , w ith  in it ia l 
fe e d b a c k  s u g g e s t in g  it  w a s  m o re  h e lp fu l t h a n  d e te rm in is t ic
fo re c a s t s  a lo n e : “T h is  g iv e s  yo u  a  lo t  m o re  in fo rm a t io n  a s  a

F ig u re  1 4 . R e g io n a l h y d ro g ra p h  s h o w n  d u r in g  th e  E u re k a , C A  fo c u s  g ro u p  s c e n a r io  in  R o u n d  1  (A ) a n d  R o u n d  2  (B ).

A

m a n a g e r, to , y o u  k n o w , w h e n  yo u  n e e d  to  m o b il iz e  a n d  w h e n  
to  ... p ro te c t  yo u r  fi e ld  e q u ip m en t  a n d  in it ia te  d iff e re n t  fi e ld  p ro -
to c o ls ... .” O th e r s  s u g g e s te d  th e y  w o u ld  n e e d  t im e  to  u s e  th e  
p ro d u c t  b e fo re  a s s e s s in g  it s  u s e fu ln e s s .  P a r t ic ip a n t s  a s k e d  
fo r  a  d e s c r ip t io n  o f  t h e  e le m e n t s  th a t  d ro v e  th e  fo re c a s t  - 
w o n d e r in g  if  t h e  p ro d u c t  a c c o u n te d  fo r  d am  o p e ra t io n s , fo r  
in s t a n c e , o r  s o il s a tu ra t io n . P a r t ic ip a n t s  a ls o  s u g g e s te d  th a t  
th e  fo re c a s te r ’s  n o te  s e c t io n  w a s  h e lp fu l a n d  c o u ld  b e  u s e d  
to  n o te  c h a n g e s  f ro m  p re v io u s  fo re c a s t s  o r  c o n fi d e n c e  in  
th e  fo re c a s t . P a r t ic ip a n t s  a ls o  a p p re c ia te d  th e  v e r t ic a l b a r  
g ra p h  fo rm a t  o n  th e  r ig h t  s id e  a s  a n  a d d it io n  to  th e  g ra p h ic a l 
e n s em b le  fo re c a s t  d is p la y . 

P a r t ic ip a n t s  s u g g e s te d  th e y  w o u ld  s h a re  th e  p ro d u c t  w ith  
o th e r  p ro fe s s io n a ls , b u t  th o u g h t  th a t  fo r  m a n y  in d iv id u a ls , 
t h e  in fo rm a t io n  w o u ld  b e  d iffi c u lt  to  u s e  w ith o u t  e x p la n a -
t io n : “Yo u  h a v e  to  b e  in to  lo o k in g  a t  h yd ro g ra p h s  a n d  th in k in g  
a b o u t  p ro b a b il it y  a n d  I  th in k  e v e n  m a n a g e rs , i t  w o u ld  h a v e  to  
b e  a  re a l ly  s im p le  e x p la n a t io n .” O n e  u s e r  a s k e d  fo r  a  s p a t ia l 
m a p  o f  p ro b a b ilis t ic  fo re c a s t s , s o  th a t  a  p ro fe s s io n a l w h o

B
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m o n ito r s  a  b ro a d  re g io n  c o u ld  lo o k  a t  a  m a p  to  s e e  w h e re  
a re a s  w e re  s h o w in g  p o s s ib le  h ig h  o r  lo w  fl o w s . P a r t ic ip a n t s  
a ls o  d is c u s s e d  th e  v a lu e  in  b e in g  a b le  to  v ie w  tw o  g a g e  lo c a -
t io n s  a t  t h e  s am e  t im e .  

A s  w ith  p re v io u s  g ro u p s , p a r t ic ip a n t s  s u g g e s te d  it  w o u ld  b e  
im p o r ta n t  to  e x p la in  h o w  th e  d e te rm in is t ic  a n d  e n sem b le  fo re -
c a s t s  a re  e a c h  c a lc u la te d , w ith  o n e  p e rso n  su g g e s t in g  a  b u t to n  
th a t  w o u ld  p ro v id e  d e ta ils  o n  th e  g e n e ra l fo re c a s t  d r iv e r s  fo r  
e a c h  e lem e n t . T h is  is su e  b e c am e  e v e n  m o re  im p o r ta n t  w h e n  
th e  d e te rm in is t ic  a n d  e n sem b le  fo re c a s t s  d iv e rg e d .  

A  s e c o n d  v a r ia n t  o f  t h e  H E F S  fo re c a s t  (F ig u re  1 5 ), w h ic h  
s h o w e d  fe w e r  c a te g o r ie s  fo r  p ro b a b ilis t ic  ra n g e s  a n d  la b e le d  
th o s e  c a te g o r ie s  w ith  te x t  d e fi n it io n s  (L e a s t , L e s s , M o re  a n d  
M o s t  L ik e ly ) w a s  c o n s id e re d  “u s e r-f r ie n d ly  fo r  p u b lic ,” t h o u g h  
s o m e  e x p re s s e d  c o n c e rn  th a t  th e  p h ra s e  “m o s t  lik e ly ” m a y  
c a u s e  c o n fu s io n  w h e n  c o n fl a te d  w ith  th e  d e te rm in is t ic  
fo re c a s t , w h ic h  is  w h a t  fo re c a s te r s  a c tu a lly  c o n s id e r  to  b e  th e  
a n t ic ip a te d  o u tc o m e .  T h a t  p a r t ic ip a n t  w o r r ie d  a  “m o s t  lik e ly ” 
la b e l m a y  c a u s e  u s e r s  to  d is t ru s t  o r  a v o id  th e  d e te rm in is t ic  
fo re c a s t : “ I  th in k  th e  w o rd s  a re  m o re  u n d e rs ta n d a b le  fo r  p e o p le , 
th e  p u b lic . B u t  th e y  c a n  le a d  to  a  fa ls e  s e n se  o f  s e c u r it y.”

M o s t  p a r t ic ip a n t s  re s p o n d e d  fa v o ra b ly  to  th e  in te ra c t iv e  
d is p la y  o f  p ro b a b ilis t ic  in fo rm a t io n , w ith  th e  c a v e a t  b y  o n e  
th a t  “it ’s  g o n n a  o v e rw h e lm  m o s t  p e o p le .”  O n e  p a r t ic ip a n t  s a id  
it  w o u ld  b e  h e lp fu l to  p re s e n t  fo re c a s t  in fo rm a t io n  a lo n g s id e  
d a ta  s h o w in g  h o w  th e  fo re c a s t  h a s  b e e n  p e r fo rm in g  in  th e  
p re v io u s  d a y s  “to  s e e  h o w  th e  fo re ca s t  is  t re n d in g  fo r  th a t  sp o t  
b e ca u se  i f  th e  fo re ca s t  k in d  o f  m is se d  it  o v e r  th e  la s t  few  d a y s ....”  
P a r t ic ip a n t s  s a id  in te ra c t iv e  d is p la y s  w o u ld  re q u ire  b u t to n s  
e x p la in in g  v a r io u s  la y e r s , s u c h  a s  t ra c e s , a n d  s h o u ld  in c lu d e  
to g g le s  s o  th a t  u s e r s  c a n  d e fi n e  th e  la y e r s  th e y  w ish  to  s e e  
a n d  n o t  b e  o v e rw h e lm e d  b y  in fo rm a t io n  th e y  d o  n o t  n e e d . 

R e s id e n t ia l  U se rs

R e s id e n t s  in  R o u n d  2  w e re  s h o w n  th e  s am e  p ro d u c t s  a s  
p ro fe s s io n a ls . W h e n  s h o w n  th e  h y d ro g ra p h , f am ilia r it y  w a s  
m ix e d , w ith  s o m e  h a v in g  s e e n  h y d ro g ra p h s  p re v io u s ly  a n d  
s o m e  s e e in g  it  fo r  t h e  fi r s t  t im e  d u r in g  th e  s e s s io n . P a r t ic i-
p a n t s  ra is e d  a  q u e s t io n  a s k e d  a ls o  b y  th e  p ro fe s s io n a l g ro u p , 
n am e ly , w h y  th e  p u rp le  fo re c a s t  s e c t io n  u n d e r  “e x te n d e d  
g u id a n c e ” d id  n o t  c o r re sp o n d  to  a n y  p u rp le  c o lo r  a b o v e  
o n  th e  ra in  a n d  s n o wm e lt . F u r th e r, t h e  p a r t ic ip a n t s  a s k e d  
fo r  a  c h a r t  e x p la in in g  th e  th re e  t im e  p e r io d s  o f  o b s e r v e d , 
n e a r-te rm  fo re c a s t  a n d  e x te n d e d  g u id a n c e , n o t  fi n d in g  th e  
te rm s  im m e d ia te ly  u n d e r s t a n d a b le , a n d  th e y  a s k e d  fo r  m o re  
g e n e ra l c la r it y  o n  th e  le g e n d  – in c re a s in g  s iz e , e x p la in in g  
ra in  a n d  m e lt , a n d  im p ro v in g  o v e ra ll re a d a b ilit y .  A s  w ith  
th e  p ro fe s s io n a ls  in  E u re k a  in  R o u n d  2 , p a r t ic ip a n t s  lik e d  th e  
F o re c a s te r ’s  N o te  e le m e n t  o n  th e  h y d ro g ra p h  a s  a  w a y  to  
d raw  a t te n t io n  to  im p o r t a n t  in fo rm a t io n . 

P a r t ic ip a n t s  e x p re s s e d  in te re s t  in  u s in g  a n d  u n d e r s t a n d in g  
th e  H E F S  b u t  w e re  n o t  im m e d ia te ly  f am ilia r  w ith  th e  d a ta . 
T h e y  re q u ire d  e x p la n a t io n  o f  t h e  d e te rm in is t ic  lin e  a n d  it s  
re la t io n sh ip  to  th e  e n s em b le  fo re c a s t  p o r t io n s  a n d  fa v o re d  
h a v in g  in fo rm a t io n  b u t to n s  a s  s h o w n  to  d e s c r ib e  w h a t  e a c h  
o f  t h e  e le m e n t s  m e a n t . P a r t ic ip a n t s  w a n te d  to  u n d e r s t a n d  if  
h is to r ic a l d a ta  a n d  c u r re n t  c o n d it io n s  w e re  u s e d  in  th e  m o d -
e ls  to  d r iv e  th e  e n s em b le  fo re c a s t s .  T h e  v e r t ic a l b a r  g ra p h  
re p re s e n ta t io n  o f  H E F S  d a ta  w a s  re la t iv e ly  w e ll re c e iv e d  b u t  
re q u ire d  s o m e  e x p la n a t io n .  W h e n  s h o w n  th e  d is c re p a n c y  
b e tw e e n  th e  d e te rm in is t ic  a n d  p ro b a b ilis t ic  fo re c a s t s , p a r t ic -
ip a n t s  in d ic a te d  th a t  a  b ig  d iv e rg e n c e  w o u ld  c a u s e  le s s  t ru s t  
in  th e  fo re c a s t  a n d  re q u ire  e x p la n a t io n : “h a d  th a t  n o t  b e e n  
e x p la in e d  to  m e , I ’m  n o t  su re  I  w o u ld  h a v e  su s se d  th a t  o u t  o n  m y  
o w n ,” o n e  p a r t ic ip a n t  s a id  o f  t h e  o v e r la y  o f  d e te rm in is t ic  a n d  
e n s em b le  fo re c a s t s . A n o th e r  p a r t ic ip a n t  s u g g e s te d  th e  t a b le  
c o u ld  h e lp  re in fo rc e  a  u s e r s ’ u n d e r s t a n d in g  o f  in fo rm a t io n  
re la y e d  th ro u g h  th e  g ra p h ic a l d is p la y . P a r t ic ip a n t s  re q u e s t -
e d  tu to r ia ls , in c lu d in g  v id e o s , to  d e s c r ib e  h o w  th e  v a r io u s  
p ro d u c t s  s h o u ld  b e  u n d e r s to o d  a n d  u s e d , s u g g e s t in g  th e s e  
“w o u ld  m a k e  (p e o p le ) fe e l  m o re  c o n fi d e n t  in  w h a t  th e y  w e re  
re a d in g  a n d  lo o k in g  a t .”  

Pa r t ic ip a n t s  w e lc o m e d  in te ra c t iv it y  a s  in te re s t in g  a n d  s u g -
g e s te d  th a t  a n  in te ra c t iv e  s it e  w o u ld  h a v e  g o o d  e d u c a t io n a l 
v a lu e  fo r  t e a c h in g  c h ild re n , b u t  th e y  w e re  n o t  a ll c e r t a in  h o w  
m u c h  th e y  w o u ld  u s e  a n  in te ra c t iv e  c o m p o n e n t  i f  a v a ila b le . 

F ig u re  1 5 . E u re k a , C A  -
R o u n d  2  R e g io n a l H E F S  
v a r ia n t  w ith  fe w e r  
c a te g o r ie s  fo r  p ro b -
a b a lis t ic  ra n g e s .
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F ig u re  1 6 . R e g io n a l H E F S  p ro d u c t  s h o w n  d u r in g  th e  E u re k a , C A  fo c u s  g ro u p  s c e n a r io  in  R o u n d  1  (A ) a n d  R o u n d  2  (B ).
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F ig u re  1 7 . R e g io n a l H E F S  p ro d u c t  s h o w n  d u r in g  th e  O w e g o , N Y  fo c u s  g ro u p  s c e n a r io  in  R o u n d  1  (A ) a n d  R o u n d  2  (B ).
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F ig u re  1 7 . R e g io n a l H E F S  p ro d u c t  s h o w n  d u r in g  th e  O w e g o , N Y  fo c u s  g ro u p  s c e n a r io  in  R o u n d  1  (A ) a n d  R o u n d  2  (B ).

N e w  Yo r k  - O w e g o  
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls

P ro fe s s io n a ls  in  th is  s e s s io n  w e re  s h o w n  th e  s am e  s c e n a r io  
a s  in  R o u n d  1 . In  th is  ro u n d , th e  H E F S  o u tp u t s  w e re  re v is e d  
v e r s io n s  (F ig u re  1 7 ) th a t  in c o rp o ra te d  R o u n d  1  fe e d b a c k .  
R e su lt s  b a s e d  o n  th e  H E F S  p re s e n te d  h e re  re sp o n d  to  th e  
re v is e d  m o c k u p s .

P ro fe s s io n a ls  in  th is  g ro u p  h a d  fam ilia r it y  w ith  b o th  th e  
h y d ro g ra p h  a n d  p ro b a b ilis t ic  fo re c a s t s  g e n e ra lly , t h o u g h  n o t  
n e c e s s a r i ly  t h e  H E F S  p ro d u c t  (th e  E a s te rn  R e g io n ’s  M M E F S  h a s  
b e e n  is s u in g  p ro b a b ilis t ic  o u tp u t s  u s e d  b y  s o m e  p ro fe s s io n a ls  
in  th e  re g io n  fo r  s e v e ra l y e a r s ).  P a r t ic ip a n t s  s u g g e s te d  th e y  
w o u ld  u s e  th e  p ro b a b ilis t ic  in fo rm a t io n  in  p la n n in g  fo r  e m e r-
g e n c y  re sp o n s e  a s  w e ll a s  d e c is io n s  re la te d  to  m a n a g in g  w a te r  
re s o u rc e s , s u c h  a s  “w h e th e r  I  n e e d  to  p u t  in  a  s to p  lo c k  c lo su re ”  
o r  w h e th e r  to  n o t if y  c o u n t y  o ffi c ia ls . S o m e  p a r t ic ip a n t s , in  
t r y in g  to  in te rp re t  t h e  g ra p h ic , m a d e  e r ro r s , s u c h  a s  in  m is u n -
d e r s t a n d in g  h o w  th e  p ro b a b ilit ie s  re la te d  to  th e  m e d ia n  lin e , 
a n d  s o m e  s u g g e s te d  th a t  th e y  w o u ld  b e  re ly in g  u p o n  t ra in e d  
w e a th e r  o b s e r v e r s  a n d  o th e r  d a ta  fo r  d e c is io n -m a k in g  d u r in g  
e v e n t s . P a r t ic ip a n t s  in d ic a te d  th a t  o th e r  in fo rm a t io n , s u c h  a s  
fo re c a s t  ra in fa ll to  th e  n o r th , w o u ld  h e lp  th em  w h e n  u s in g  
th e  p ro b a b ilis t ic  fo re c a s t s . A s  w ith  p a s t  s e s s io n s , p ro fe s s io n a ls  
in  th is  g ro u p  re q u e s te d  in fo rm a t io n  o n  w h a t  is  in c lu d e d  in  
th e  fo re c a s t , q u e s t io n in g  w h e th e r  f a c to r s  s u c h  a s  te r ra in  a n d  
e le v a t io n  a re  c o n s id e re d  in  fo re c a s t s , a n d  n o t in g  th a t  b r ie fi n g s  
s o m e t im e s  c o n ta in  th is  h e lp fu l in fo rm a t io n : “ I  w a n t  to  k n o w  
w h a t  th e y ’re  ta k in g  in to  a c c o u n t  to  m a k e  th is  g ra p h .” Pa r t ic ip a n t s  
s a id  th e  1 0 -d a y  t im e f ram e  w a s  h e lp fu l a n d  a s  f a r  o u t  a s  th e y  
w o u ld  c o n s id e r  to  b e  p o te n t ia lly  re lia b le , w ith  s o m e  in d ic a t in g  
th a t  a n y th in g  m o re  th a n  7  d a y s  w a s  u n lik e ly  to  b e  re lia b le .  

P a r t ic ip a n t s  m a d e  d is c re te  d e s ig n  s u g g e s t io n s  fo r  t h e  H E F S  to  
m a k e  it  m o re  re a d a b le , s u c h  a s  e n h a n c in g  th e  s h a d in g  o n  th e  
H E F S  p ro d u c t  to  d is t in g u is h  th e  fo re c a s t  f ro m  e x te n d e d  g u id -
a n c e  p e r io d s . T h e  a d d it io n  o f  a  v e r t ic a l b a r  g ra p h ic  s h o w in g  
c h a n c e  o f  e x c e e d a n c e , w a s  w e ll re c e iv e d  b y  th e  a u d ie n c e . T h e  
fo re c a s te r ’s  n o te  w a s  fa v o re d  b y  th e  p ro fe s s io n a ls , a n d  it  w a s  
s u g g e s te d  th a t  s p a c e  c o u ld  b e  u s e d  to  d ire c t  p e o p le  to  e m e r-
g e n c y  b r ie fi n g s . P ro fe s s io n a ls  in  th is  g ro u p  in d ic a te d  th a t  th e y  
n e e d e d  th e  p ro b a b ilit y  p e rc e n ta g e s  to  b e  lis te d  a lo n g s id e  
a n y  te x t  d e s c r ip t io n s  s u c h  a s  “m o s t ” o r  “le a s t ” lik e ly , w h ic h  a re  
in s u ffi c ie n t  d e s c r ip t io n s  fo r  t h e ir  p u rp o s e s .  

N o t in g  w h e n  d iv e rg e n c e  o c c u r re d  b e tw e e n  d e te rm in is t ic  
a n d  p ro b a b ilis t ic  fo re c a s t s , s o m e  p a r t ic ip a n t s  s u g g e s te d  th e y  
w o u ld  b e  fo llo w in g  th e  d e te rm in is t ic  fo re c a s t , w h ic h  s h o w e d  
a  h ig h e r  fo re c a s t  r iv e r  le v e l t h a n  th e  p ro b a b ilis t ic  e n s em b le  
in d ic a te d . O th e r s  s a id  th e y  w o u ld  b e  lo o k in g  fo r  fu r th e r  
in fo rm a t io n  w h e n  fo re c a s t s  d o n ’t  c o n v e rg e , o r  w h e n  fa c in g  
a n o m a lo u s  in fo rm a t io n , s u c h  a s  w h e n  th e  g a g e  a t  Ve s t a l 
s h o w s  s ig n ifi c a n t ly  w o r s e  o u tc o m e s  th a n  O w e g o : “W h a t  
o th e r  in fo rm a t io n  d o  I  n e e d  to  c o n s id e r  to  m a k e  th is  m o re  a c -
c u ra te ?”  a s k e d  o n e  p ro fe s s io n a l. P a r t ic ip a n t s  s a id  th e y  w o u ld  
c a ll t h e  lo c a l N W S  W F O  to  u n d e r s t a n d  th e  d iff e re n c e  b e tw e e n  
o u tc o m e s  a t  t h e  tw o  g a g e s , o r  p a r t ic ip a te  in  h e lp fu l b r ie fi n g  
c a lls , w h ic h  a llo w  p e o p le  to  e n g a g e  in  a  g ro u p  c o n v e r s a t io n  
a n d  a s k  q u e s t io n s  to g e th e r.  

P a r t ic ip a n t s  s a id  th e y  w o u ld  b e  p re p a r in g  in te rn a lly  fo r  fl o o d -
in g  a s  fa r  a s  fo u r  d a y s  o u t  b u t  w o u ld  w a it  to  n o t if y  t h e  p u b lic  
o f  p o te n t ia l r is k  u n t il c e r t a in t y  in c re a s e d . T h e y  a ls o  s a id  th e y  
w o u ld  s h a re  th e  H E F S  g ra p h ic  w ith  o th e r s , s u c h  a s  th e ir  c o u n -
t y  e x e c u t iv e , fo r  d e c is io n -m a k in g  d u r in g  a c u te  e v e n t s . 

P a r t ic ip a n t s  a p p re c ia te d  th e  b r ie fi n g s  s h o w n  in  th e  s c e n a r io  
b e c a u s e  th e y  p ro v id e  te x t  e x p la n a t io n s  a n d  o th e r  w e a th e r  
in fo rm a t io n  in  a d d it io n  to  r iv e r  le v e ls . Im p a c t  in fo rm a t io n  
is s u e d  th ro u g h  th e  fl o o d  w a rn in g  w a s  id e n t ifi e d  a s  e x t re m e ly  
v a lu a b le , w ith  o n e  s u g g e s t in g  “It ’s  p ro b a b ly  th e  m o s t  v a lu a b le  
th in g  th a t ’s  b e e n  p u t  u p .”  O th e r s  e c h o e d  th a t  im p a c t  s t a te -
m e n t s  w e re  im p o r t a n t  fo r  v a lid a t in g  m e s s a g in g  to  th e  p u b lic . 
A t  le a s t  o n e  s u g g e s te d  th e y  w o u ld  s to p  u s in g  th e  p ro b a b i-
lis t ic  w ith in  4 8  h o u r s  o f  a n  e v e n t , b e c a u s e  th e y  n e e d  to  g e t  a  
s to r y  re le a s e d  to  th e  c o m m u n it y  w ith  m o re  p re c is e  in fo rm a -
t io n  o n  im p e n d in g  w e a th e r.  

A s  w ith  p a s t  s e s s io n s , p ro fe s s io n a ls  in  th is  g ro u p  

re q u e s te d  in fo rm a t io n  o n  w h a t  is  in c lu d e d  in  th e  

fo re ca s t , q u e s t io n in g  w h e th e r  fa c to rs  su c h  a s  te r ra in  

a n d  e le va t io n  a re  c o n s id e re d  in  fo re ca s t s , a n d  

n o t in g  th a t  b r ie fi n g s  so m e t im e s  c o n ta in  th is  h e lp fu l  

in fo rm a t io n : “I  w a n t  to  k n o w  w h a t  th e y ’re  ta k in g  

in to  a c c o u n t  to  m a k e  th is  g ra p h .”
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R e s id e n t ia l  U se rs
Pa r t ic ip a n t s  in  th is  s e s s io n  v ie w e d  th e  s am e  s c e n a r io  a s  th e  
p ro fe s s io n a ls . R e s id e n t s  h a d  le s s  f am ilia r it y  w ith  th e  h y d ro -
g ra p h  th o u g h  s o m e  h a d  e x p e r ie n c e  u s in g  th e  p ro d u c t . L ik e  
th o s e  in  o th e r  s e s s io n s , t h e  re s id e n t s  a s k e d  to  s e e  h is to r ic a l 
e v e n t s  p lo t te d  o n  th e  g ra p h  to  c o m p a re  fo re c a s t s  to  d am a g -
in g  fl o o d s  w h o se  im p a c t s  w e re  fam ilia r  to  p e o p le . T h e y  a ls o  
re q u e s te d  th e  c h a n c e  to  s e e  n e a rb y  g a g e s  s id e  b y  s id e , o r  d is -
p la y e d  jo in t ly , s o  th e y  c o u ld  c o n s id e r  th e  m o v em e n t  o f  w a te r  
f ro m  th e  g a g e  a t  Ve s t a l to  O w e g o , fo r  in s t a n c e , w h ic h  p a r-
t ic ip a n t s  in d ic a te d  w a s  im p o r t a n t  in fo rm a t io n  fo r  p la n n in g  
d o w n s t re am . P a r t ic ip a n t s  re q u e s te d  th a t  te rm s  b e  c le a r ly  
d e fi n e d , in c lu d in g  “a c t io n  s t a g e ,” w h ic h  c a u s e d  c o n fu s io n  th a t  
th is  w a s  th e  le v e l a t  w h ic h  re s id e n t s  s h o u ld  a c t  to  p re p a re  fo r  
fl o o d in g , e v e n  w h e n  fl o o d in g  w a s  n o t  y e t  fo re c a s t .  

W h e n  p re s e n te d  w ith  th e  H E F S , p a r t ic ip a n t s  g e n e ra lly  
w e lc o m e d  th e  id e a  o f  lo n g e r-te rm  p ro b a b ilis t ic  fo re c a s t s , 
e v e n  a s  s o m e  q u e s t io n e d  th e  h e lp fu ln e s s  o f  t h e  v e r y  w id e  
ra n g e  o f  p ro b a b ilit ie s  s h o w n  (9 5%-5%  ra n g e ): “I f  I  c a n  p re p a re  
s e v e ra l  d a y s  b e fo re , i f  i t  d o e sn ’t  h a p p e n  th a t ’s  g ra n d , yo u  k n o w , 
b u t  i f  i t  d o e s , I  th in k  it  h e lp s  e v e n  em o t io n a lly  a n d  p sy c h o lo g i-
c a l ly.”  P a r t ic ip a n t s  in d ic a te d  th e y  w o u ld  u s e  th e  p ro d u c t  fo r  
s it u a t io n a l aw a re n e s s  a n d  w o u ld  c h e c k  it  d a ily  to  s e e  h o w  
th e  s it u a t io n  w a s  a d v a n c in g .  

In  d ig e s t in g  th e  c h a n g e  f ro m  d e te rm in is t ic  to  p ro b a b ilis t ic  
fo re c a s t  in fo rm a t io n , s o m e  re p o r te d  th a t  th e  p ro b a b ilis t ic  
in fo rm a t io n  in  th e  g ra p h ic  m a d e  th e  e v e n t  fe e l m o re  in t im i-
d a t in g , a n d  th a t  th e re  w a s  a  “m o re  im m in e n t  d a n g e r” th a n  th e  
d e te rm in is t ic  fo re c a s t  a lo n e , w h ile  o th e r s  fo u n d  th e  am o u n t  
o f  in fo rm a t io n  to  b e  o ff -p u t t in g : “I  w o u ld n ’t  re a l ly  ta k e  th e  t im e  
to  d e c id e  w h a t  th is  c h a r t  m e a n s . I ’d  p ro b a b ly  ju s t  g la n c e  a t  it  
a n d  l ik e , y o u  k n o w .., I  c o u ld  u n d e rs ta n d  if  I  w a n te d  to , b u t  I ’m  n o t  
g o in g  to  ta k e  t im e  to  a c tu a lly  lo o k  a t  it .”  O th e r s  in d ic a te d  th e y  
w o u ld  u s e  th is  a s  a  s e c o n d a r y  p ro d u c t  o n c e  s o m e th in g  e ls e , 
lik e  a  ra in  fo re c a s t , a le r te d  th em  to  r is k , a n d  s u g g e s te d  th a t  it  
w o u ld  b e  h e lp fu l to  h a v e  it  p a ire d  w ith  a  ra in  fo re c a s t  to  c la r if y  
w h e n  it  w a s  t im e  to  b e g in  p re p a r in g  if  n e e d e d .  

P a r t ic ip a n t s , a s  in  th e  o th e r  s e s s io n s , re q u e s te d  m o re  in -
fo rm a t io n  a b o u t  th e  e le m e n t s  d r iv in g  th e  p ro b a b ilit ie s  to  
d e te rm in e  h o w  c o n fi d e n t  th e y  a re  in  th e  fo re c a s t : “It  m a k e s  

p e o p le  fe e l  m o re  s e c u re  in  th e  d e c is io n  th a t  th e y ’re  m a k in g , b e -
ca u se  th e y ’re  n o t  ju s t  g o in g , o k , I  sa w  th is , s o  th is  is  g o sp e l, I  h a v e  
to  b e l ie v e  th is .” 

R e sp o n se  to  th e  v e r t ic a l b a r  M a x im um  C h a n c e  o f  E x c e e d -
a n c e  g ra p h  w a s  m ix e d , w ith  m a n y  p e o p le  p re fe r r in g  th a t  
fo rm a t  a n d  o th e r s  p re fe r r in g  th e  m a in  r iv e r  le v e l g ra p h ic a l 
p re s e n ta t io n . O v e ra ll, m o s t  a g re e d  th a t  a  c o m b in a t io n  o f  t h e  
tw o  p ro d u c t s  p re s e n te d  to g e th e r  a s  w a s  s h o w n  in  th e  fo c u s  
g ro u p  w o u ld  b e  m o s t  h e lp fu l.  

R e s id e n t s  in  th is  g ro u p  w e re  v e r y  fam ilia r  w ith  b r ie fi n g s  f ro m  
th e  N W S  W F O  a n d  s a id  in fo rm a t io n  f ro m  th e s e  b r ie fi n g s  is  
s h a re d  in  m a n y  fo rm a t s , in c lu d in g  th e  lo c a l fi re  w ire . T h e y  
n o te d  th a t  in -p e r s o n  v is it s  f ro m  th e  N W S  o ffi c e  a f te r  m a jo r  
fl o o d in g  in  2 0 1 1  w a s  im p o r t a n t  a n d  m em o ra b le  a n d  b u ilt  
t ru s t  in  th e  fo re c a s t  p ro c e s s  a n d  re la t io n sh ip  w ith  th e  lo c a l 
o ffi c e . P a r t ic ip a n t s  s a id  im p a c t  in fo rm a t io n  w a s  h e lp fu l to  in -
c lu d e  in  b r ie fi n g s , a lo n g  w ith  s o il s a tu ra t io n  in fo rm a t io n , b u t  
th a t  fo r  re s id e n t ia l u s e r s , lim it in g  in fo rm a t io n  to  a s  fe w  p a g e s  
a s  p o s s ib le  a n d  n o t  re p e a t in g  in fo rm a t io n  (s u c h  a s  m u lt ip le  
g ra p h ic s  fo r  s n o w  d e ta ils ) w o u ld  h e lp  re d u c e  th e  f ru s t ra t io n  
a s s o c ia te d  w ith  lo w  in te rn e t  b a n d w id th  th a t  m a k e s  m a n a g -
in g  lo n g e r, h ig h -im a g e -b a s e d  d o c u m e n t s  d iffi c u lt  a n d  s lo w . 
P a r t ic ip a n t s  s u g g e s te d  s h a r in g  a n  a b b re v ia te d  2 -p a g e  b r ie f-
in g  fo r  re s id e n t s  a n d  re s e r v in g  m o re  d e ta ile d  in fo rm a t io n  fo r  
p ro fe s s io n a ls .  

W h e n  p ro b a b ilis t ic  a n d  d e te rm in is t ic  fo re c a s t s  d iv e rg e d  o n  
th e  H E F S , s e v e ra l p a r t ic ip a n t s  in d ic a te d  th e y  w o u ld  fo llo w  
th e  d e te rm in is t ic  fo re c a s t , a n d  s u g g e s te d  th a t  th e  s te a d ily  
in c re a s in g  p ro b a b ilit y  o f  fl o o d in g  f ro m  p re v io u s  d a y s  w o u ld  
e n c o u ra g e  th em  to  b e  m o re  c a u t io u s  a n d  to  p re p a re .  

R e s id e n ts  in  th is  g ro u p  w e re  v e r y  fa m il ia r  w ith  b r ie f-

in g s  f ro m  th e  N W S  W FO  a n d  sa id  in fo rm a t io n  f ro m  

th e se  b r ie fi n g s  is  sh a re d  in  m a n y  fo rm a ts , in c lu d in g  

th e  lo c a l  fi re  w ire . T h e y  n o te d  th a t  in -p e rso n  v is it s  

f ro m  th e  N W S  o ffi ce  a f te r  m a jo r  fl o o d in g  in  2 011  w a s  

im p o r ta n t  a n d  m em o ra b le  a n d  b u ilt  t ru s t  in  th e  fo re -

ca s t  p ro c e s s  a n d  re la t io n sh ip  w ith  th e  lo c a l  o ffi ce .
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C o lo r a d o  - G u n n i s o n  
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls  

Pa r t ic ip a n t s  in  th is  s e s s io n  w e re  s h o w n  th e  s am e  s c e n a r io  a s  
in  R o u n d  1 , b u t  w ith  re v is e d  p ro d u c t s  fo r  t h e  H E F S  (F ig u re  
1 8 ) a n d  h y d ro g ra p h s . T h e y  w e re  fam ilia r  w ith  th e  h y d ro g ra p h  
b u t  n o te d  th a t  th e  v e r s io n  s h o w n  in  th is  s e s s io n  w a s  m u c h  
“c le a n e r ” th a n  w h a t  th e y  h a d  s e e n  p re v io u s ly .  

A

B

F ig u re  1 8 . R e g io n a l H E F S  p ro d u c t  s h o w n  d u r in g  th e  G u n n is o n , C O  fo c u s  g ro u p  s c e n a r io  in  R o u n d  1  (A ) a n d  R o u n d  2  (B ).  
D u ra n g o  h a d  s im ila r ly  d e s ig n e d  g ra p h ic s .

In it ia lly , p ro fe s s io n a ls  re c e iv e d  th e  e n s em b le  in fo rm a t io n  
fa v o ra b ly  w ith  p o s it iv e  d e s c r ip t io n s  o f  it : “V isu a lly, I  th in k  it ’s  
p re t t y  g o o d  ... e v e r y th in g  is  r ig h t  th e re , n o t  h a rd  to  d e c ip h e r.” T h e y  
a ls o  g a v e  s p e c ifi c  s u g g e s t io n s  fo r  im p ro v in g  u n d e r s t a n d a b ilit y , 
s u c h  a s  u s in g  a  s o lid  lin e  fo r  t h e  d e te rm in is t ic  fo re c a s t  in  th e  
fi r s t  fe w  d a y s  o f  t h e  fo re c a s t , a n d  th e n  t ra n s it io n in g  to  a  d o t te d  
lin e  fo r  s u b s e q u e n t  d a y s  to  in d ic a te  in c re a s in g  u n c e r t a in t y .
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A s  th e  s c e n a r io  u n fo ld e d , p a r t ic ip a n t s  h a d  q u e s t io n s  a b o u t  
w h a t  w a s  d r iv in g  th e  e n sem b le  fo re c a s t , e sp e c ia lly  w h e n  
t r y in g  to  u n d e rs ta n d  w h y  it  d iv e rg e d  f ro m  th e  d e te rm in is t ic  
fo re c a s t . T h e y  a s k e d  fo r  in fo rm a t io n  to  u n d e rs ta n d  if  th e  
e n sem b le  w a s  b a se d  o n  h is to r ic a l d a ta  o r  w e a th e r  m o d e ls , 
w ith  o n e  n o t in g , “O th e rw ise ... yo u ’re  n o t  q u ite  su re  w h a t  it ’s  re a lly  
te ll in g  yo u  w ith  a ll  th e  p ro b a b il it ie s .”  A s  in  o th e r  s e s s io n s , p a r t ic i-
p a n t s  in d ic a te d  th e y  w o u ld  lik e  to  k n o w  th e  p a s t  p e r fo rm a n c e  
o f  th e  m o d e l to  u n d e rs ta n d  it s  re lia b ilit y . O n e  p a r t ic ip a n t  
a s k e d  d ire c t ly : “It ’s  a lm o s t  l ik e , w h y  a re  w e  u s in g  th e se  m o d e ls  
to  d o  th is  fo re ca s t in g , if  th e n  th e  d e te rm in is t ic  fo re ca s t  is  so  m u ch  
d iff e re n t  th a n  th e  m o d e ls?”  A n o th e r  s a id  sh o w in g  a  p ro d u c t  
th a t  h a d  a  d iv e rg e n c e  in  fo re c a s t s  to  th e ir  s t a k e h o ld e rs  w o u ld  
c a u se  a  la c k  o f  t ru s t  a n d  su g g e s te d  h is  a u d ie n c e s  w o u ld  s a y : 
“We ll, th a t ’s  w h y  yo u  sh o u ld n ’t  u se  th o se  d am n  m o d e ls .” A n o th e r  
in d ic a te d  th a t  a  d iff e re n t  s o r t  o f  r is k  p ro d u c t  th a t  sh o w e d  a  
m a x im um  p o te n t ia l a lo n g  w ith  th e  d e te rm in is t ic  m ig h t  b e  
le s s  c o n fu s in g , w ith  o n e  p a r t ic ip a n t  n o t in g : “It  w o u ld  se em  if  
yo u  sh ow  th is  to  l ik e  fi v e  d iff e re n t  p e o p le , e a c h  o n e  c o u ld  c o m e  
o u t  w ith  a  d iff e re n t  in te rp re ta t io n  o f  it .”  I t  w a s  su g g e s te d  th a t  a  
p ro d u c t  th a t  sh o w e d  th e  d e te rm in is t ic  w ith  a  h ig h  e n d  a n d  
lo w  e n d  p ro b a b ilit y  a t ta c h e d  m ig h t  b e  s im p le r. 

S o m e  p a r t ic ip a n t s  in d ic a te d  th a t  i f  t h is  p ro d u c t  w e re  a v a il-
a b le  to  th em , th e y  w o u ld  re fe r  to  it  to  u n d e r s t a n d  th e  p ro b -
a b ilit ie s  o f  v a r io u s  s c e n a r io s ; s o m e  in d ic a te d  th e y  w o u ld  u s e  
th e  d e te rm in is t ic  lin e  a s  th e ir  p r im a r y  g o -to  fo r  d e c is io n -m a k -
in g , k n o w in g  th a t  th e  fo re c a s te r s  h a d  “p ic k e d  a  b la c k  l in e ” a n d  
in d ic a te d  th a t  th e y  w o u ld  c a ll t h e  R F C  a n d  W F O  w h e n  th e  
e n s em b le  s h o w e d  a n y  in fo rm a t io n  th a t  c a lle d  th e  d e te rm in -
is t ic  in to  q u e s t io n  fo r  a n y  re a s o n . 

P ro fe s s io n a ls  e x p re s s e d  c o n c e rn  th a t  th e  p ro d u c t  m ig h t  b e  
d iffi c u lt  fo r  p u b lic  a u d ie n c e s  a n d  q u e s t io n e d  th e  fe a s ib ilit y  
a n d  u s e fu ln e s s  o f  a  “o n e -s iz e  fi t s  a ll” p ro d u c t .  T h e y  re sp o n d -
e d  fa v o ra b ly  to  a n  in te ra c t iv e  fe a tu re  o n  th e  e n s em b le  th a t  
w o u ld  a llo w  u s e r s  to  s e e  h is to r ic a l le v e ls  fo r  a  g iv e n  d a te , to  
c o m p a re  th e  fo re c a s t  to  h is to r ic a l d a ta , a n d  in d ic a te d  th a t  
s e e in g  p e rc e n t ile s  in  th is  fe a tu re  w a s  m o re  h e lp fu l t h a n  
m e re ly  s h o w in g  m a x im um  fl o w s  fo r  t h a t  d a te . O v e ra ll, fe e d -
b a c k  o n  a n  in te ra c t iv e  p ro d u c t  th a t  s h o w e d  h is to r ic a l a n d  
fo re c a s t  d a ta  to g e th e r  w a s  fa v o ra b le . 

R e s id e n t ia l  U se rs

Pa r t ic ip a n t  re s p o n s e  to  th e  p ro b a b ilis t ic  fo re c a s t  w a s  m ix e d , 
w ith  s o m e  in it ia lly  fi n d in g  th e  p ro b a b ilit ie s  h e lp fu l.  W h e n  
th e  fo re c a s t s  d iv e rg e d , p a r t ic ip a n t s  w e re  c o n fu s e d  a n d  
s o u g h t  u n d e r s t a n d in g  a n d  m o re  in fo rm a t io n , a n d  a t  le a s t  
o n e  p a r t ic ip a n t  fo u n d  th a t  w a tc h in g  th e  p ro g re s s io n  o f  e n -
s em b le  fo re c a s t s  o v e r  a  p e r io d  o f  d a y s  w a s  h e lp fu l in  b u ild in g  
t ru s t  in  th e  p ro d u c t . P a r t ic ip a n t s  fe lt  m o re  t ru s t in g  o f  t h e  
p ro d u c t  w h e n  th e  e n s em b le  a n d  d e te rm in is t ic  fo re c a s t s  
b e g a n  to  m o v e  in to  c lo s e r  a lig n m e n t . S o m e  p a r t ic ip a n t s  in d i-
c a te d  th e y  w o u ld  re ly  m o re  o n  p ro b a b ilit ie s , w ith  o n e  n o t in g  
th e y  w o u ld  b e  “le s s  l ik e ly  to  t ru s t  th e  h um a n  if  th e re  is  a  h um a n  
a sp e c t  th a t  g o e s  in to  th e  fo re ca s t  l in e .” 

Pa r t ic ip a n t s  in  th is  s e s s io n  in d ic a te d  th a t  th e y  u s e d  s e v e ra l 
s o u rc e s  o f  in fo rm a t io n  to  d e te rm in e  th e  w e a th e r, w h ic h  th e y  
fe lt  w a s  d iff e re n t  th a n  s u r ro u n d in g  re g io n s  – s u g g e s t in g  th a t  
a  “G u n n is o n  d o n u t ” o r  “G u n n is o n  t r ia n g le ” c h a n g e d  w e a th -
e r  p a t te rn s  a n d  a ls o  m a d e  ra d a r  le s s  e ff e c t iv e . A s  a  re s u lt , 
p a r t ic ip a n t s  in d ic a te d  re ly in g  o n  in fo rm a t io n  f ro m  s e v e ra l 
s o u rc e s , in c lu d in g  s o c ia l m e d ia , e m e rg e n c y  m a n a g e r s  a n d  T V. 
T h e y  s u g g e s te d  th a t  im p a c t  in fo rm a t io n , s u c h  a s  w o u ld  b e  
re le a s e d  in  b r ie fi n g s , w a s  h e lp fu l. 

P a r t ic ip a n t s  a p p re c ia te d  h a v in g  h is to r ic a l d a ta  a n d  s u g g e s te d  
th a t  s h o w in g  p a s t  m a jo r  fl o o d s  w o u ld  b e  h e lp fu l, b u t  n o te d  
th a t  w ith  a  c h a n g in g  c lim a te , h is to r ic a l d a ta  m a y  n o t  b e  a s  
v a lu a b le  a s  it  o n c e  w a s  c o n s id e re d . In te ra c t iv e  d a ta  
w a s  a p p re c ia te d . 

O ve ra l l, fe e d b a c k  o n  a n  in te ra c t iv e  p ro d u c t  th a t  

sh o w e d  h is to r ic a l  a n d  fo re ca s t  d a ta  to g e th e r  w a s  

fa v o ra b le . 
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C o lo r a d o  - D u r a n g o
Wa te r  R e so u rc e  a n d  Em e rg e n c y  M a n a g em en t  P ro fe s s io n a ls

Pa r t ic ip a n t s  in  th e  D u ra n g o  g ro u p  w e re  s h o w n  th e  s am e  s c e -
n a r io  a s  in  R o u n d  1 , b u t  w ith  re v is e d  H E F S  a n d  h y d ro g ra p h s . 
T h e y  w e re  fam ilia r  w ith  th e  h y d ro g ra p h  a n d  fo u n d  it  u s e fu l 
fo r  m o n ito r in g  h ig h  fl o w s , a s  w e ll a s  lo w  fl o w s , c it in g  th a t  
in e x p e r ie n c e d  w a te r  re c re a t io n a lis t s  c a n  b e  a t  r is k  d u r in g  lo w  
a s  w e ll a s  h ig h  fl o w s . T h e y  re p o r te d  th a t  th e y  d o  n o t  s h a re  
th e  h y d ro g ra p h  d ire c t ly  b u t  ra th e r  t ra n s la te  it  fo r  a u d ie n c e s , 
s u c h  a s  r iv e r  o u tfi t te r s . 

P a r t ic ip a n t s  o b s e r v e d  th a t  re c e n t  w e a th e r  t re n d s  d id  n o t  
s e em  to  c o r re sp o n d  to  h is to r ic a l a v e ra g e s  a n d  th a t  th e  p e r io d  
w h e n  s t re am s  w o u ld  b e  ru n n in g  a t  t h e ir  h ig h e s t  p o in t s  a re  
c o m in g  e a r lie r  in  th e  s e a so n . T h e y  d is c u s s e d  th a t  w h a t ’s  
“n o rm a l” s e em s  to  b e  c h a n g in g , a n d  le s s  re le v a n t  w h e n  u s in g  
fo re c a s t  p ro d u c t s  th a n  a s s e s s in g  w h a t  is  u p c o m in g . T h e  
te rm s  “fu tu re ” a n d  “o u t lo o k ” w e re  n o t  im m e d ia te ly  c le a r, a n d  
p a r t ic ip a n t s  re q u e s te d  a  re la b e lin g  o f  t h o s e  te rm s .  

V ie w in g  th e  H E F S , p a r t ic ip a n t s  h a d  m ix e d  fam ilia r it y  w ith  e n -
s em b le  fo re c a s t s , w ith  o n e  re c a llin g  s e e in g  a  s im ila r  p ro d u c t  
e a r lie r  in  th e  y e a r  a n d  th e  o th e r s  e n c o u n te r in g  th is  p ro d u c t  
fo r  t h e  fi r s t  t im e . R e sp o n se  w a s  fa v o ra b le , w ith  p a r t ic ip a n t s  
s u g g e s t in g  th a t  th e y  t r ie d  to  u n d e r s t a n d  d iff e re n t  p o te n t ia l 
o u tc o m e s  o n  th e ir  o w n  a lre a d y .  T h e y  w o r r ie d  th a t  th e  in fo r-
m a t io n  m ig h t  b e  to o  c o m p lic a te d  a n d  c o n fu s in g  fo r  in e x p e r i-
e n c e d  u s e r s , b a s e d  o n  p a s t  e x p e r ie n c e  w ith  p e o p le  m o n ito r-
in g  re s e r v o ir  d a ta :  “E v e r yb o d y  th in k s  th e y  k n ow  w h a t  th e  h e ll  is  
g o in g  o n  a n d  th e y  d o n ’t : th e y ’re  c lu e le s s ,”  a n d  “I d o n ’t  k n ow  th a t  
I ’m  a ll  ja z ze d  a b o u t  h a v in g  th is  a ll  o u t  fo r  e v e r yb o d y.” 

Pa r t ic ip a n t s  d id  in d ic a te  th a t  th e y  w o u ld  u s e  th e  p ro b a b ilis t ic  
fo re c a s t s  a n d  a ls o  s h a re  it  w ith  o th e r s , in c lu d in g  c o lle a g u e s  
in  o th e r  a g e n c ie s , s u c h  a s  s h e r iff ’s  o ffi c e s , ro a d  a n d  b r id g e  
d e p a r tm e n t s , a n d  e le c te d  o ffi c ia ls . N o t in g  th a t  ra d a r  is  n o t  
e ff e c t iv e  in  th e ir  re g io n , p a r t ic ip a n t s  s a id  th a t  th e y  w o u ld  u s e  
th e s e  p ro d u c t s  fo r  p la n n in g , b u t  th a t  d u r in g  a c u te  e v e n t s , 
t h e y  m u s t  re ly  o n  o n -th e -g ro u n d  o b s e r v a t io n s  a n d  t r y  to  
c o m m u n ic a te  th a t  in fo rm a t io n  b a c k  to  th e  lo c a l N W S  o ffi c e s .  
P a r t ic ip a n t s  e x p la in e d  th a t  p ro b a b ilit ie s  w o u ld  b e  h e lp fu l fo r  
fo c u s in g  th em  o n  w h e n  to  p a y  a t te n t io n , b u t  th a t  e v e n  h ig h  
p ro b a b ilit ie s  w e re  t a k e n  w ith  s o m e  d o u b t : “We  w a tc h e d  80 , 

90  p e rc e n t  c h a n ce  o f  p re c ip ita t io n  y ie ld  n o th in g , yo u  k n ow. A n d  
so  a g a in , it  is  v o o d o o . I  re a d  so m e th in g  c o m in g  o u t  o f  th e  w ea th e r  
g u y s  th a t  sa y s  80  o r  90  p e rc e n t , yo u  g o t ta  w a tc h  it  c lo se .  B u t  a t  
th e  sam e  t im e , th e re ’s  a  g o o d  c h a n ce  th a t  it  m a y  g o  o n  o n e  s id e  o r  
th e  o th e r.”  Pa r t ic ip a n t s  s a id  th e s e  fo re c a s t s  w o u ld  b e  u s e d  a s  
to o ls  fo r  b e in g  “v ig ila n t ” in  m o n ito r in g  w e a th e r, w h ic h  th e y  
c h a ra c te r iz e d  a s  d iffi c u lt  to  a c c u ra te ly  p re d ic t  a n d  a n t ic ip a te : 
“Yo u ’v e  g o t  to  b e  o n  th e  p ro g ram  co n s ta n t ly.  I t ’s  a  p o k e r  g am e .  
A n d  yo u  g o t  to  k n ow  th a t  M o th e r  N a tu re  h o ld s  a ll  th e  a c e s .” 

Pa r t ic ip a n t s  p ro v id e d  fo c u s e d  fe e d b a c k  o n  d e s ig n  o f  t h e  
H E F S , n o t in g  th a t  u n d e r s t a n d in g  th e  p e rc e n t ile s  w a s  im p o r t -
a n t  fo r  t ra n s la t in g  d e s c r ip t io n s  s u c h  a s  “le a s t  lik e ly ” a n d  “m o s t  
lik e ly .”  

E x am p le s  o f  H E F S  o u tp u t s  s h o w in g  in te ra c t iv e  h is to r ic a l d a ta  
w e re  w e ll re c e iv e d , w ith  o n e  p a r t ic ip a n t  s t a t in g  th a t  “T h a t ’s  
g re a t , it  sa v e s  a n o th e r, h o w  m a n y  m in u te s  fo r  m e  to  t ra c k  th a t  
o th e r  in fo rm a t io n  d ow n . T h e  c o m p a r iso n s , um , w h ile  th e y  d o n ’t  te ll  
yo u  e v e r y th in g , it  d e fi n ite ly  c a n  h e lp  to  ... fo rm u la te  yo u r  p la n  o f  
a c t io n  o r  if  th e re  n e e d s  to  b e  o n e .”  

Pa r t ic ip a n t s  a ls o  in d ic a te d  th a t  w h e n  N W S  sh a re s  in fo rm a t io n  
f ro m  o th e r  a g e n c ie s  in  b r ie fi n g s , s u c h  a s  th e  N R C S ’ S n o w  
Te le m e t r y  (S N O T E L ) d a ta , t h e y  n e e d  to  t ra n s la te  th a t  in fo rm a -
t io n  c le a r ly  fo r  p e o p le  to  a v o id  c o n fu s io n , s u c h  a s  w h e n  
a  p a r t ic u la r  S N O T E L  s ite  h a s  s to p p e d  fu n c t io n in g  a n d  re s i-
d e n t s  m is re a d  th e  d a ta , n o t  u n d e r s t a n d in g  it  is  o u t  o f  d a te . 

R e s id e n t ia l  U se rs

R e s id e n t ia l p a r t ic ip a n t s  in  th is  s e s s io n  w e re  s h o w n  th e  
s am e  s c e n a r io  a s  th e  p ro fe s s io n a ls  a b o v e . T h e y  h a d  lim ite d  
fam ilia r it y  w ith  th e  h y d ro g ra p h  a n d  re q u ire d  a  d e s c r ip t io n  
o f  t h e  p ro d u c t  to  u n d e r s t a n d  th a t  it  w a s  s h o w in g  o b s e r v e d  
a n d  fo re c a s t  r iv e r  le v e ls . Te rm s , in c lu d in g  a c t io n  s t a g e , w e re  
u n fam ilia r  to  s o m e  p a r t ic ip a n t s .  In it ia l re s p o n s e  w a s  fa v o r-
a b le  w ith  p a r t ic ip a n t s  n o t in g  th a t  th e  p ro d u c t  c o u ld  m o t i-
v a te  th em  to  s t a r t  lo o k in g  fo r  m o re  in fo rm a t io n  a n d  b e g in  
p la n n in g . A s  o n e  s a id : “... M a yb e  I  sh o u ld  s ta r t  th in k in g  a b o u t  
w h a t  I  sh o u ld  b e  d o in g ,” a n d  a n o th e r  “In q u ir in g  to  fi g u re  o u t  w h a t  
th e  h e c k  is  g o in g  o n .”  



Making Sense of Uncertainty: Improving the Use of Hydrologic Probabilistic Information in Decision-Making
Nurture Nature Center/East Carolina University, 2020

30

Wh ile  r iv e r  fl o w s  w e re  v e r y  lo w  in  th e  
s c e n a r io , p a r t ic ip a n ts  d is c u s se d  th e  n e e d  
fo r  so m e th in g  l ik e  a n  “a c t io n  s ta g e ” fo r  
d ro u g h t , so  th e y  c o u ld  u n d e rs ta n d  th e  le v e l  
a t  w h ic h  th e  r iv e r  w a s  lo w  e n o u g h  to  t r ig g e r  
n e e d e d  a c t io n s  l ik e  c a tc h in g  ra inw a te r  fo r  
h o u se h o ld  u se , o r  p re p a r in g  fo r  p o s s ib le  fi re .

Pa r t ic ip a n t s  fo u n d  th e  H E F S  g ra p h ic  re a d a b le  a n d  w e re  
m ix e d  o n  it s  u t i lit y .  R e a c t io n s  re fl e c te d  a  la c k  o f  e x p e r ie n c e  
w ith  th e  p ro d u c t , w ith  o n e  p a r t ic ip a n t  s a y in g  th e y  w o u ld  u s e  
th em  o v e r  t im e  to  d e te rm in e  th e ir  a c c u ra c y . O th e r  c o m -
m e n t s  re fl e c te d  a  ra n g e  o f  in te re s t  in  th e  p ro d u c t , w ith  o n e  
s u g g e s t in g  th e  g ra p h ic  p ro v id e d  “to o  m u ch  in fo rm a t io n  fo r  
so m e th in g  so  u n c e r ta in  – b a s ic  is  g re a t ,” w h ile  a n o th e r  a p p re -
c ia te d  g e t t in g  a  “wo rs t-ca se  s c e n a r io .”  W h ile  r iv e r  fl o w s  w e re  
v e r y  lo w  in  th e  s c e n a r io , p a r t ic ip a n t s  d is c u s s e d  th e  n e e d  fo r  
s o m e th in g  lik e  a n  “a c t io n  s t a g e ” fo r  d ro u g h t , s o  th e y  c o u ld  
u n d e r s t a n d  th e  le v e l a t  w h ic h  th e  r iv e r  w a s  lo w  e n o u g h  to  
t r ig g e r  n e e d e d  a c t io n s  lik e  c a tc h in g  ra in w a te r  fo r  h o u s e -
h o ld  u s e , o r  p re p a r in g  fo r  p o s s ib le  fi re : “We ’re  lo o k in g  a t  th e  
e x t rem e  o f  fl o o d in g  n ow  a n d  w e ’re  a lso  lo o k in g  a t  th e  e x t rem e s  
o f  d ro u g h t . I  u se  th e  r iv e r  fo r  a ll  k in d s  o f  th in g s . I ’m  th in k in g  o k , 
if  th e  r iv e r  is  lo w  it  a ff e c ts  m e .” A n o th e r  p a r t ic ip a n t  s u g g e s te d  
th a t  in  d ro u g h t  s it u a t io n s , it  is  n o t  c le a r  w h ic h  a c t io n s  p e o p le  
s h o u ld  t a k e , a n d  th a t  th e  p ro d u c t  m ig h t  a ls o  in c lu d e  in fo r-
m a t io n  a b o u t  h o w  to  p re p a re  fo r  d ro u g h t s .  

P a r t ic ip a n t s  re q u e s te d  to  h a v e  h is to r ic a l a v e ra g e  d a ta  o n  
th e  c h a r t , b e c a u s e  th e  r iv e r  le v e ls  a lo n e  w e re  in su ffi c ie n t  fo r  
u n d e r s t a n d in g  w h a t  is  “n o rm a l” o r  w h e n  a c t io n  is  n e e d e d . “It  
c u rre n t ly  su p p o se d  I  k n ow  w h a t  th e se  n um b e rs  m ea n ...th e  le v e ls . 
I  d o n ’t  k n ow  w h a t  n o rm a l le v e l is ,” o n e  p a r t ic ip a n t  e x p la in e d . 

I t  w a s  a ls o  n o te d  th a t  a s  a  s t a n d a lo n e  p ro d u c t , t h e  h y d ro -
g ra p h  o r  H E F S  m a y  b e  d iffi c u lt  to  d e c ip h e r, b u t  in  c o n te x t  
w ith  th e  o th e r  p ro d u c t s  in  th e  s c e n a r io , “I c a n  s ta r t  to  g e t  a  
b ig g e r  p ic tu re . I f  I  h a d n ’t  b e e n  fo llo w in g  th is  fo r  th e  p a s t  few  w e e k s , 
a n d  I  ju s t  saw  th a t  (H E F S )...I  d o n ’t  k n ow, b u t  w e  h a p p en  to  k n ow  
th a t  th e  r iv e r  le v e l’s  d ro p p in g  b e ca u se  w e  h a v e  m o re  in fo rm a -
t io n  th a n  w h a t  w a s  o n  th e  g ra p h .”  O n e  p a r t ic ip a n t  s u g g e s te d  
a r ra n g in g  th e  g ra p h ic s  s o  th e y  s h o w  p ro g re s s  o v e r  t im e , to  
le t  u s e r s  k n o w  h o w  th e  s it u a t io n  w a s  c h a n g in g , b e c a u s e  a  fl a t  
lin e  d u r in g  a  lo w -fl o w  s e a so n  d o e sn ’t  t r ig g e r  m u c h  re sp o n se , 
e v e n  if  it  re fl e c t s  a  r is k  s it u a t io n . 

W h e n  p re s e n te d  a n  in te ra c t iv e  h o v e r  b o x  th a t  w o u ld  p ro v id e  
h is to r ic a l le v e ls , p a r t ic ip a n t s  re s p o n d e d  w ith  e n th u s ia sm  a n d  
s o m e  c o n fu s io n  a b o u t  w h a t  th e  p e rc e n t ile s  m e a n t , w ith  o n e  
p e r s o n  s t a t in g : “N ow  w e ’re  ta lk in g  a b o u t  m a th , I  th o u g h t  w e  w e re  
ta lk in g  a b o u t  th e  r iv e r.” 

Im p a c t  s t a te m e n t s  p ro v id e d  a s  p a r t  o f  fl o o d  w a rn in g  p ro d -
u c t s  w e re  h e lp fu l a n d  lik e d  fo r  b e in g  “s p e c ifi c .” 

S u m m a r y
In  s u m , th e  fo c u s  g ro u p s  y ie ld e d  a  w id e  ra n g e  o f  p e r s p e c -
t iv e s  th a t  v a r ie d  w ith in  a n d  a c ro s s  u s e r  t y p e s  a n d  re g io n s . 
C e r t a in  e le m e n t s  in  p ro d u c t  d e s ig n  e m e rg e d  a s  im p o r t a n t , 
a n d  t re n d s  in  u s a g e  c a n  b e  s e e n , b u t  p re fe re n c e s  fo r  v a r io u s  
p ro d u c t s  a n d  th e  w a y  th e y  w e re  d is p la y e d  v a r ie d  w id e ly . 
P ro fe s s io n a l u s e r s , p e rh a p s  n o t  s u rp r is in g ly , o f te n  s o u g h t  
m o re  d e ta ile d  in fo rm a t io n  th a n  re s id e n t s , b u t  n o t  a lw a y s ; 
c o n v e r s e ly , re s id e n t ia l u s e r s  f re q u e n t ly  h a d  to  w o rk  h a rd e r  
to  e x t ra c t  in fo rm a t io n  f ro m  p ro b a b ilis t ic  fo re c a s t s , b u t  th e  
in fo rm a t io n  w a s  a ls o  n e w  a n d  d iffi c u lt  fo r  m a n y  p ro fe s s io n -
a ls . C o lo ra d o  re s id e n t s  e x p re s s e d  m o re  d e s ire  fo r  h is to r ic a l 
d a ta  to  c a lib ra te  fo re c a s t s  a g a in s t  a  c h a n g in g  s e n s e  o f  
“n o rm a l,” a n d  w e re  fam ilia r  w ith  th is  d a ta  c o m in g  f ro m  U SG S ; 
in  N e w  Yo rk , re s id e n t s  a n d  p ro fe s s io n a ls  a lik e  w a n te d  to  
u n d e r s t a n d  fl o o d  fo re c a s t s  in  th e  c o n te x t  o f  t h e  N O A A  fl o o d  
d a ta  fo r  re c e n t  m em o ra b le  e v e n t s . M o s t  u s e r s  w a n te d  to  s e e  
g a g e  in fo rm a t io n  p re s e n te d  in  te rm s  o f  r iv e r  le v e l, w h ile  in  
C o lo ra d o , w a te r  re s o u rc e  a n d  re c re a t io n  u s e s  re q u ire  w a te r  
in fo rm a t io n  b e  e x p re s s e d  in  d is c h a rg e  o r  c fs . A ll g ro u p s  
e m p h a s iz e d  th a t  e x p e r ie n c e  w ith  th e  p ro d u c t s  w o u ld  
s h a rp e n  th e ir  a b ilit y  to  u s e  th e  in fo rm a t io n , a s  w o u ld  c le a re r  
u n d e r s t a n d in g  o f  w h a t  th e  le g e n d  e le m e n t s  w e re  d is p la y in g .   
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D i s c u s s i o n

Th e  p u rp o s e  o f  t h is  s tu d y  w a s  to  le a rn  th e  n e e d s  o f  p ro fe s -
s io n a l a n d  re s id e n t ia l u s e r s  fo r  p ro b a b ilis t ic  in fo rm a t io n  a n d  
to  id e n t if y  w a y s  to  im p ro v e  d e liv e r y  o f  p ro b a b ilis t ic  in fo r-
m a t io n  u s in g  H E F S , h y d ro g ra p h s  a n d  e m e rg e n c y  b r ie fi n g s . 
R e s e a rc h  q u e s t io n s  fo r  t h e  p ro je c t  w e re  d e s ig n e d  to  e lu c i-
d a te  n e e d s  fo r  c o m m u n ic a t io n  re la te d  to  th e  t im in g  o f  in fo r-
m a t io n , e x p re s s io n  o f  fo re c a s t  c o n fi d e n c e , t h e  in fl u e n c e  o f  
c h a n g e s  in  p ro b a b ilit ie s  o n  u s e r  c o n fi d e n c e , d is p la y  n e e d s , 
a n d  im p o r t a n t ly , to  id e n t if y  w h e th e r  a n d  h o w  th e  p re s e n ta -
t io n  o f  d e te rm in is t ic  a n d  p ro b a b ilis t ic  fo re c a s t s  s im u lt a n e -
o u s ly  c a n  b e s t  b e  a c h ie v e d  to  re d u c e  c o n fu s io n .  

T h is  s e c t io n  a d d re s s e s  th e s e  re s e a rc h  q u e s t io n s  a n d  d raw s  
f ro m  fo c u s  g ro u p  a n d  s u r v e y  d a ta  to  h ig h lig h t  t re n d s  a n d  
im p o r t a n t  c o n s id e ra t io n s  th a t  e m e rg e d  f ro m  th e  a u d ie n c e s . 

H o w  t o  t im e  b r ie fi n g s  f o r  p r o b a b i l i s t i c  v s .  d e t e rm in i s t i c  
in f o rm a t io n

D is c u s s io n  in  s e s s io n s  re v e a le d  th a t  p a r t ic ip a n t s  w e re  v e r y  
in te re s te d  in  re c e iv in g  in fo rm a t io n  s u c h  a s  is  c o n ta in e d  in  
e m e rg e n c y  b r ie fi n g s  a n d  a p p re c ia te d  h a v in g  a  c o m b in a t io n  
o f  im p a c t  s t a te m e n t s  a n d  g ra p h ic s  in  o n e  p a c k a g e . B o th  
p ro fe s s io n a ls  a n d  re s id e n t s  s a id  th e y  w o u ld  u s e  th em  if  
a v a ila b le . G e n e ra lly , p a r t ic ip a n t s  u n d e r s to o d  th a t  u n c e r t a in -
t y  in c re a s e s  a s  fo re c a s t s  s t re t c h  in to  th e  fu tu re , a n d  a s  s u c h , 
u s e d  lo n g e r  le a d  t im e s , s u c h  a s  fi v e  d a y s  o u t , to  m o n ito r  
t h e  s it u a t io n  a n d  a s s e s s  p re v io u s  c o n d it io n s , lik e  “h ow  m u ch  
w a te r  w e ’v e  h a d ,” b u t  b e g a n  re ly in g  o n  fo re c a s t s  fo r  a c t io n  in  
th e  p e r io d  c lo s e r  to  tw o  d a y s  p r io r  to  a n  e v e n t . P a r t ic ip a n t s  
re p o r te d  th a t  th e y  “wa tc h  th e  t re n d s” to  b u ild  c o n fi d e n c e  in  
th e  fo re c a s t , s u g g e s t in g  th a t  s h o w in g  th e  c h a n g e s  in  fo re -
c a s t  o v e r  a  p e r io d  o f  d a y s  is  h e lp fu l fo r  p e o p le  to  d e te rm in e  
a c t io n  s te p s . M u lt ip le  p a r t ic ip a n t s  re v e a le d  th a t  in fo rm a t io n  
a b o u t  e v e n t s  a ff e c t in g  w e e k e n d s  n e e d  e a r lie r  a t te n t io n  
b e c a u s e  “p e o p le  w h o  a re  w a tc h in g  th in g s  a re n ’t  w o rk in g  o n  th e  
w e e ke n d s.”

D is c u s s io n  a ls o  re v e a le d  th a t  fo r  p ro fe s s io n a ls , le a d  t im e s  
a re  d iff e re n t  fo r  in te rn a l p la n n in g  th a n  e x te rn a l c o m m u n i-
c a t io n . F o r  in s t a n c e , o n e  p ro fe s s io n a l s u g g e s te d  th a t  th e y  
w o u ld  t a lk  w ith  e m e rg e n c y  m a n a g e r s  a b o u t  a  p o s s ib le  r is k  

fi v e  d a y s  in  a d v a n c e  b u t  w o u ld  w a it  to  a le r t  t h e  p u b lic :  “S o  
yo u  n e e d  to  s ta r t  p re p a r in g  fo r  it , b u t  yo u  n e e d  to  th in k  a b o u t  w h en  
yo u ’re  a c tu a lly  g o n n a  re a c h  o u t  to  th e  p u b lic  to  le t  th em  k n ow, a n d  
fi v e  d a y s , yo u  k n ow, b e ca u se  th in g s , th a t  fo re ca s t  is  g o in g  to  sh if t  
a  lo t  o v e r  fi v e  d a y s , so  yo u  ju s t  n e e d  to  b e  ca re fu l a b o u t  th a t  p a r t .” 
T h is  s e n s e  w a s  re fl e c te d  b y  m u lt ip le  p a r t ic ip a n t s  a c ro s s  s e s -
s io n s , t h a t  lo n g e r  le a d  t im e s  a n d  th e  p ro b a b ilit ie s  p ro v id e d  in  
b r ie fi n g  m a te r ia ls  w o u ld  b e  u s e d  a s  a  “h e a d s -u p ” a n d  to  p la n  
fo r  a  w o r s t -c a s e  s c e n a r io , w h ile  th o s e  b r ie fi n g s  is s u e d  c lo s e r  
to  a n  e v e n t  o c c u r r in g  w o u ld  b e  u s e d  to  d is s e m in a te  m e s s a g -
e s  to  th e  p u b lic  a n d  t r ig g e r  a c t io n . S o m e  p a r t ic ip a n t s  fo u n d  
p ro b a b ilis t ic  in fo rm a t io n  im p o r t a n t  u n t il c lo s e  to  a n  e v e n t , to  
p re p a re  fo r  v a r io u s  im p a c t s , b u t  a s  o n e  p a r t ic ip a n t  in d ic a te d , 
b y  tw o  d a y s  p r io r  to  a n  e v e n t  th e y  n e e d  m o re  c e r t a in  in fo r-
m a t io n : “It ’s  a  s to r y  – it ’s  d o n e .  We  g o t ta  re le a se  in fo rm a t io n .” 
Pa r t ic ip a n t s  a ls o  s u g g e s te d  th a t  h ig h lig h t in g  c h a n g e s  s in c e  
p re v io u s  fo re c a s t s  w o u ld  b e  h e lp fu l. 

H o w  t o  e x p r e s s  v a r y in g  le v e ls  o f  c o n fi d e n c e  a c r o s s  
d iff e r e n t  f o r e c a s t  t y p e s ,  (lo w /m e d iu m /h ig h  fl o w s ) a n d  
g e o g r a p h ic  r e g io n s

P a r t ic ip a n t s  in d ic a te d  th a t  th e y  w e lc o m e d  d ire c t  e x p re s s io n s  
o f  c o n fi d e n c e  in  fo re c a s t s , s u c h  a s  a re  s o m e t im e s  in c lu d e d  
in  fo re c a s t  d is c u s s io n s , a s  o n e  p a r t ic ip a n t  n o te d : “W h en  yo u  
re a d  th e  w ea th e r  d is c u ss io n  n ow  it ’l l  sa y, ‘w e  h a v e  p o o r  ru n -to -ru n  
a g re em en t  o n  th e  m o d e l. S o  fo re ca s t  c e r ta in t y  o n  S u n d a y  is  lo w , 
b u t  th e re ’s  a  p o te n t ia l fo r  a  [h ig h ] fl o o d  s ta g e .’ W h e re a s  w ith  o th e r  
sy s tem s, th e y ’l l  sa y, ‘T h is  is  v e r y  w id e sp re a d . We  h a v e  h ig h  c o n fi -
d e n ce  in  th is .’ S o , it ’s  m o re  o f  a  n a rra t iv e  th in g  - I  h a v e n ’t  se e n  th em  
p re se n t  e rro r  b a rs  o n  it , b u t  it  re a lly  g iv e s  m e  a  b e t te r  id e a . A n d  
th e n  I  d o  m y  o w n  lo o k in g  a t  m o d e lin g  re su lt s  to  se e  l ik e , o h  h e re ’s , 
h e re ’s  th e  in co n s is te n c y  a n d  se e  w h a t  th e y ’re  ta lk in g  a b o u t .” 

A n o th e r  e c h o e d  th a t  w h e n  d is c u s s in g  u n c e r t a in t y , s t a te -
m e n t s  o f  c o n fi d e n c e  c a n  b e  d ire c t : “W h en  ta lk in g  a b o u t  th a t , 
ju s t  b e  re a lly  u p fro n t  a b o u t  w h en  th e y ’re  c o n fi d en t  a n d  w h en  
th e y ’re  ju s t  g o in g  (so u n d  e ff e c t  im p ly in g  u n c e r ta in t y ).” 

O n e  p a r t ic ip a n t  e x p re s s e d  f ru s t ra t io n  a t  t h e  id e a  o f  a  5 0  
p e rc e n t  c h a n c e , w h ic h  h e  in te rp re te d  a s  a  la c k  o f  in fo rm a t io n , 
a n d  s u g g e s te d  th a t  in  a re a s  o f  h ig h  u n c e r t a in t y , in d ic a t in g  s o  
is  b e t te r  t h a n  p re s e n t in g  u n c e r t a in  d a ta  w ith o u t  e x p la n a t io n : 
“If  th e y  d o n ’t  k n ow, it ’s  b e t te r  to  sa y  th a t , b u t  ye a h , it ’s  l ik e  I ’m  lo o k -
in g  fo r  th e  fo re ca s t . ‘I  d o n ’t  k n ow ’ is  n o t  a  g o o d  a n sw e r.’’
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S o m e  p a r t ic ip a n t s  fe lt  t h a t  th e  u t i lit y  o f  t h e  h y d ro g ra p h  w a s  
d e c re a s e d  b y  th e  g e o g ra p h y  o f  t h e ir  re g io n , in c lu d in g  th e  
in fl u e n c e  o f  s n o wm e lt , w h ic h  c a n  s ig n ifi c a n t ly  a ff e c t  r iv e r  
le v e ls . To  a d d re s s  th is , a  p ro fe s s io n a l s a id  h e  s o u g h t  o u t  m o re  
in fo rm a t io n  a b o u t  s n o wm e lt  t h a n  th e  h y d ro g ra p h  p ro v id e s , 
s u g g e s t in g  th a t  fo re c a s t s  c o u ld  lin k  to  a n c illa r y  in fo rm a t io n  
to  im p ro v e  u s e r  t ru s t  in  th e  p ro d u c t : “Yo u  ca n  s ta r t  g iv in g  
yo u rse lf  so m e  m o re  c o n fi d en ce  a n d  th e y ’re  ju s t  ru n n in g  th ro u g h  
a  m o d e l a n d  it  d o e s  n o t  h a n d le  th e  g e o g ra p h y  h e re  v e r y  w e ll.” 
A d d it io n a lly , lo n g e r-te rm  fo re c a s t s , c o n s id e re d  im p o r t a n t  fo r  
p la n n in g  s e a so n a lly , s h o u ld  a ls o  b e  e x p lic it  a b o u t  th e  le v e l o f  
c o n fi d e n c e .  F o r  in s t a n c e , re fe re n c in g  a n  in te g ra te d  p ro d u c t  
fo r  f a ll r iv e r  fl o w s , p a r t ic ip a n t s  s a id  e x p re s s io n s  o f  “p a t te rn  
s h if t s ” in d ic a te d  in  th e  p ro d u c t  w e re  h e lp fu l c u e s  a b o u t  h o w  
to  fo llo w  th e  fo re c a s t s  fo r  t h e  s e a so n . P a r t ic ip a n t s  a ls o  s a id  
th e y  a p p lie d  th e ir  o w n  u n d e r s t a n d in g  o f  m e te o ro lo g y  to  
fo re c a s t s  w h e n  d e te rm in in g  c o n fi d e n c e ; fo r  in s t a n c e , o n e  
p a r t ic ip a n t  in d ic a te d  v a r ia b le  c o n fi d e n c e  in  h is to r ic a l t ra c e  
in fo rm a t io n  w h e n  a p p lie d  to  lo w -fl o w  e v e n t s  v s . e v e n t-d r iv e n  
p re c ip it a t io n , s u g g e s t in g  th a t  h is to r ic a l t ra c e s  a re  n o t  t ru s te d  
a s  w e ll fo r  h e a v y  p re c ip it a t io n . T h is  te n d e n c y  to  in te rp re t  
p ro d u c t s  b a s e d  o n  u s e r  u n d e r s t a n d in g  m a y  s u g g e s t  a  n e e d  
fo r  fo re c a s te r s  to  b e  e x p lic it  in  d e s c r ib in g  th e  re la t iv e  le v e l o f  
c e r t a in t y  in  p ro d u c t s . 
  
P a r t ic ip a n t s  e x p re s s e d  u n d e r s t a n d in g  th a t  fo re c a s t s  in c re a s e  
in  u n c e r t a in t y  a s  th e y  e x te n d  in to  th e  fu tu re , b u t  s a id  th e y  
n e e d e d  m o re  c la r it y  o n  th e  d iff e re n c e  b e tw e e n  te rm s  lik e  
“fo re c a s t ” a n d  “o u t lo o k ” a n d  “g u id a n c e ,” a n d  n e e d e d  th e  p ro d -
u c t s  to  c o n ta in  c le a r  e x p la n a t io n s  to  d is t in g u is h  b e tw e e n  
p o r t io n s  d is p la y in g  n e a r-te rm  fo re c a s t s  w ith  o n e  le v e l o f  
c e r t a in t y  a n d  e x te n d e d  fo re c a s t s  w ith  d e c re a s in g  c e r t a in t y . 

O v e ra ll, p a r t ic ip a n t  fe e d b a c k  s u g g e s te d  th a t  th e y  re lie d  o n  
p e r s o n a l e x p e r ie n c e  a s  w e ll a s  e n v iro n m e n ta l c u e s  to  d e v e lo p  
c o n fi d e n c e  in  th e  p ro d u c t s , a n d  th a t  d ire c t  e x p la n a t io n s  o f  
c o n fi d e n c e  in  fo re c a s t s  w o u ld  b e  w e lc o m e  in fo rm a t io n .  S p e -
c ifi c a lly , o n e  p a r t ic ip a n t  s u g g e s te d  th a t  th e  fo re c a s te r ’s  n o te  
a s  s h o w n  o n  m o c k e d -u p  H E F S  p ro d u c t s  c o u ld  b e  a  lo c a t io n  
fo r  a  d ire c t  e x p re s s io n  o f  c o n fi d e n c e , o r  a  lo c a t io n  to  id e n t if y  
s ig n ifi c a n t  c h a n g e s  s in c e  p a s t  fo re c a s t s  fo r  t h o s e  w h o  a re  
fo llo w in g  t re n d s . A d d it io n a lly , a  p a r t ic ip a n t  n o te d  th a t  a  c le a r  
im p a c t  s t a te m e n t  c o u ld  h e lp  in fl u e n c e  th e  re a d e r ’s  p e r s p e c -

t iv e  o n  h o w  lik e ly  a  r is k  is  to  o c c u r, a n d  o v e rc o m e  a  te n d e n c y  
to  ig n o re  o u t-o f-s ig h t  r is k s : “We ll, e v e n  k n ow in g  th a t  h o u se s  a n d  
b u s in e sse s  a re  b e in g  in u n d a te d  k in d  o f  g iv e s  a  se n se . E v e n  if  yo u ’re  
n ow h e re  n e a r  a n y  o f  th is , it ’s  k in d  o f  l ik e , o h , g o d , th is  is  a c tu a lly, 
it ’s  h a p p en in g , l ik e  it  l ite ra lly  is  r ig h t  n ow  h a p p en in g .”

H o w  c h a n g e s  in  f o r e c a s t  p r o b a b i l i t i e s  o v e r  t im e  a ff e c t  
u s e r  c o n fi d e n c e  
P a r t ic ip a n t  d is c u s s io n  in  fo c u s  g ro u p s  re v e a le d  th a t  b o th  
p ro fe s s io n a ls  a n d  re s id e n t s  p re fe r  to  m o n ito r  fo re c a s t s  fo r  a  
s e r ie s  o f  d a y s  to  d e te rm in e  c o n fi d e n c e , a n d  th a t  w a tc h in g  
p ro d u c t s  c h a n g e  o v e r  th e  c o u r s e  o f  d a y s  in fl u e n c e s  th e ir  
c o n c e rn  le v e l m o re  th a n  s e e in g  ju s t  o n e  s t a n d -a lo n e  fo re c a s t . 
M a n y  e x p re s s e d  s e n t im e n t s  s u c h  a s  s t a te d  b y  o n e  p a r t ic i-
p a n t : “I a lso  w a tc h  th e  t re n d s, th e  c h a n g e s . E v e n  th o u g h  I’m  n o t  
su re  if  it ’s  g o in g  to  h a p p en  o r  n o t . I  s t i l l  w a tc h  th e  t re n d s.” 

Wa tc h in g  a  s e r ie s  o f  p ro d u c t s  w a s  f re q u e n t ly  n o te d  a s  a  w a y  
to  im p ro v e  o n e ’s  c o n fi d e n c e  in  th e  lik e lih o o d  o f  a  fo re c a s t : 
“Ye a h , n ow  I’m  s ta r t in g  to  se e  th a t  t re n d  o f  s te a d ily  in c re a s in g  
fl ow s. A n d  it ’s  n o t  ta p e r in g  o ff  w ith in  th is  fo re ca s t . T h a t ’s  d e fi n ite ly  
g e t t in g  m y  a t te n t io n .” A n d  fu r th e r : “I m ea n , I ’v e  b e e n  aw a re  o f  th e  
n e x t  d a y  o r  tw o  d a y s  a t  th is  p o in t , b u t  n ow  se e in g  th e  fu r th e r  t re n d , 
... e le v e n , tw e lv e , th ir te e n  d a y s  o u t . A n d  it ’s  n o t  g e t t in g  a n y  b e t te r. 
A n d  th a t ’s  d e fi n ite ly  g e t t in g  m y  a t te n t io n .”

M o n ito r in g  t re n d s  o n  h y d ro g ra p h s , a  p a r t ic ip a n t  in d ic a t -
e d  th a t  c o n s is te n t  p e a k s  f ro m  d a y  to  d a y  “m a ke s  m e  m o re  
c o n fi d en t .” A n d  n o t in g  th e  p ro b a b ilit y  o f  re a c h in g  p e a k  s t a g e s  
o n  a n  e a r ly  it e ra t io n  o f  a  p ro b a b ilis t ic  fo re c a s t  in  E u re k a , o n e  
p a r t ic ip a n t  fo llo w e d  th e  c h a n g e s  f ro m  d a y  to  d a y  to  d e te r-
m in e  h is  c o n fi d e n c e  th a t  r is k  w a s  in c re a s in g .  

P a r t ic ip a n t s  a ls o  in d ic a te d  th a t , w h e n  fa c e d  w ith  c h a n g e s  in  
fo re c a s t  in fo rm a t io n , t h e y  a re  in c lin e d  to  s e e k  o u t  m o re  in fo r-
m a t io n  to  d e te rm in e  w h a t  is  h a p p e n in g :  “I m ea n  w h en  th e re ’s  
a  b ig  s to rm  e v e n t  c o m in g , I  lo o k  a t  m u lt ip le  so u rc e s  to  t r y  to  fi g u re  
o u t  w h a t  e v e r yb o d y ’s  ta lk in g  a b o u t  it  b e ca u se  n o b o d y  k n ow s  th a t  
100%  fo r  su re . B u t  if  yo u ’v e  g o t , yo u  k n ow, th e  f ro n t , lo o k in g  a t  th e  
w ea th e r  c h a n n e l a n d  m y  ra d a r  a n d  th e  N a t io n a l Wea th e r  S e r v ic e  
a n d  I  so r t  o f  g e t  a  b e t te r  p ic tu re  w h en  I  p u t  lo ts  o f  th in g s  to g e th e r  
b e ca u se  I, I , I  d o n ’t  k n ow  th a t  a n y  o n e  o f  th e se  g ra p h s  is—rea lly  th e  
o n e  I  w a n t , I  w a n t  to  p ic k  to  lo o k  a t , th e re ’s  s t i l l  u n c e r ta in t y. I  ju s t  
w a n t  to  lo o k  a t  e v e r y th in g .” 
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S o m e  p ro fe s s io n a l p a r t ic ip a n t s  s u g g e s te d  th a t  th e ir  e x p e -
r ie n c e  w ith  fo re c a s t s  t h a t  d id  n o t  m a te r ia liz e  a s  in d ic a te d  
e ro d e d  t ru s t  in  c u r re n t  fo re c a s t s , w h ile  o th e r s  lo o k e d  to  m o d -
e l c o n s is te n c y  to  d e v e lo p  c o n fi d e n c e . “I  lo o k  a t  o u r  ru n -to -ru n  
c o n s is te n c y.  Yo u  lo o k  a t  th e  m o d e l ru n s  a n d  th e n  if  yo u r  n e x t  d a y, 
it ’s  c o m p le te ly  d iff e re n t , th e  n e x t  d a y  it  c h a n g e s  b a c k  a g a in , I ’m  lik e  
– O k , th is  is  re a lly  lo w  c o n fi d en ce .”

R e s id e n t ia l a u d ie n c e s  le s s  f am ilia r  w ith  th e  p ro d u c t s  s aw  
c o n s is te n c y  in  fo re c a s t s  f ro m  d a y  to  d a y  a s  v e r ifi c a t io n  o f  t h e  
fo re c a s t  a c c u ra c y :  “It ’s  g e t t in g  m o re  se r io u s ,” s a id  o n e  u p o n  
w a tc h in g  in c re a s in g  t re n d s , w h ile  o th e r s  w e ig h e d  in , “It  se em s  
to  b e  v e r ify in g  w h a t  th e  p re v io u s  d a y  w a s” a n d  “th is  so r t  o f  
re in fo rc e s  w h a t  w e  saw  b e fo re .”  A s  s u c h , it  m a y  b e  im p o r t a n t  
fo r  fo re c a s te r s  to  a c k n o w le d g e  a n d  e x p la in  a n y  s ig n ifi c a n t  
c h a n g e s  in  fo re c a s t  t re n d s  a n d , fo llo w in g  th e  p re v io u s  
s u g g e s t io n s  fo r  d ire c t  c o m m u n ic a t io n  a b o u t  c o n fi d e n c e , fi n d  
o p p o r tu n it ie s  to  e x p la in  c h a n g e s .  L a s t ly , s o m e  s u g g e s te d  
th a t  d is c re p a n c ie s  in  fo re c a s t s  w e re  m o s t  im p o r t a n t  w h e n  
th e  r is k  w a s  la rg e , b u t  in  sm a lle r, fl a sh y  a re a s  w h e re  sm a ll 
fl o o d s  c o m e  a n d  g o  q u ic k ly , s u d d e n  c h a n g e s  w e re  b e t te r  
u n d e r s to o d  a n d  to le ra te d . 

H o w  d i s p la y  n e e d s  o f  t h e s e  p r o d u c t s  v a r y  f o r  d iff e r e n t  
u s e r s  (i .e . ,  w a t e r  m a n a g e r s  v s .  p u b l i c ) 

N e e d s  o f  re s id e n t s  a n d  p ro fe s s io n a ls  fo r  p ro d u c t  in fo rm a t io n  
v a r ie d  w id e ly . G e n e ra lly , re s id e n t s  f a v o re d  s im p le r  in fo rm a -
t io n  w ith  a n  e m p h a s is  o n  e x p e c te d  im p a c t s . F o r  in s t a n c e , 
re s id e n t s  a s k e d  th a t  fl o o d  le v e ls  b e  c le a r ly  lin k e d  to  e x p e c te d  
im p a c t s  o n  h y d ro g ra p h s  a n d  H E F S  p ro d u c t s , “so  th a t  w h en  
th e y  se e  th e  c o lo r, th e  g ra p h  o r  w h a te v e r, th e y ’re  re a lly  a lre a d y  
th in k in g  a b o u t  th e  sp e c ifi c s  a s  o p p o se d  to  ju s t  w a tc h in g  th e  
n um b e rs .” D ire c t  s t a te m e n t s  o f  e x p e c te d  im p a c t s , p re s e n t-
e d  in  v a r io u s  w a y s  a c ro s s  th e  fo c u s  g ro u p s , w e re  v a lu e d  b y  
re s id e n t ia l p a r t ic ip a n t s : “T h o se  k in d  o f, th a t  v e rb ia g e , is  v e r y  
h e lp fu l. B e  a b le  to  a n t ic ip a te  th in g s . R a th e r  th a n  ju s t  lo o k in g  a t  
a  g ra p h”  a n d  “I’d  l ik e  to  h a v e  a  sp e c ifi c  o f  w h e re ... th e y  e x p la in  
w h a t  th e y ’re  e x p e c t in g  to  h a p p en  a n d  w h e re .”  P a r t ic ip a n t s  
e x p re s s e d  th a t  g e o g ra p h ic  re g io n s  a re  im p o r t a n t  a n d  th a t  
te rm s , s u c h  a s  “U p p e r  C o lo ra d o ,” n e e d e d  to  b e  c le a r ly  d e fi n e d  
s o  u s e r s  c o u ld  lo c a te  th em se lv e s  w ith in  p ro d u c t s . 

P ro fe s s io n a ls  h a d  s p e c ifi c  n e e d s , in c lu d in g  re q u e s t in g  th a t  
th e  ‘m o n ito r ’ a n d  ‘a c t io n ’ le v e ls  b e  c le a r ly  in d ic a te d  o n  h y d ro -
g ra p h s , a s  w e ll a s  t id a l in fo rm a t io n , w h e re  a p p ro p r ia te , w h ic h  
c a n  c o m b in e  w ith  h ig h  ra in fa ll to  c re a te  in c re a s e d  fl o o d in g .  
P ro fe s s io n a ls  a ls o  s u g g e s te d  th a t  te x t  in fo rm a t io n  “in  a  c o u p le  
o f  se n te n c e s  in  c le a r  la n g u a g e”  t h a t  w o u ld  a c c o m p a n y  g ra p h i-
c a l d a ta  w o u ld  b e  v e r y  h e lp fu l. 

K n o w in g  w h ic h  e le m e n t s  a re  in c lu d e d  in  th e  c re a t io n  o f  
fo re c a s t  d a ta  w a s  c r it ic a l to  p ro fe s s io n a l u s e r s , w h o  a s k e d  in  
m a n y  s e s s io n s  w h a t  w a s  in c lu d e d  in  a  p ro b a b ilis t ic  fo re c a s t , 
w ith  o n e  p a r t ic ip a n t  a s k in g  a  q u e s t io n  re p re s e n ta t iv e  o f  
m a n y  th ro u g h o u t  th e  s e s s io n s : “Is  th e re  a  d am  o n  th e  sy s tem ? 
A n d  d o e s  th is  a c co u n t  fo r  d am  o p e ra t io n s?  B e ca u se  th e y  m ig h t  
b e  k ic k in g  in to  so m e  k in d  o f  em e rg e n c y, a n d  k ic k in g  u p  th e  fl ow, 
so  d o e s  th is  a c co u n t  fo r  th o se  t y p e s  o f  o b se r va t io n s?”

Fo r  b o th  s e t s  o f  u s e r s , d e s ig n  c h a ra c te r is t ic s  w e re  c r it ic a l to  
c o n v e y in g  th e  in fo rm a t io n . F o r  in s t a n c e , o n e  d ra f t  p ro d u c t  
u s e d  th e  c o lo r  re d  to  in d ic a te  th e  ra n g e  o f  p ro b a b ilit y  o f  
re a c h in g  fl o o d  le v e ls , b u t  re s id e n t ia l u s e r s  m is u n d e r s to o d  th e  
c o lo r  to  m e a n  d a n g e r, ra th e r  th a n  c o n fi d e n c e  in  a  lo w e r  r iv e r  
le v e l: “We  lo o k  a t  re d , a n d  w e  th in k  r isk .”  F u r th e r, t h e  u s e  o f  c o lo r  
in  p ro d u c t s  n e e d s  to  b e  c o n s is te n t  a c ro s s  p ro d u c t s  a n d  p e r i-
o d s  o f  t im e : “I w o u ld  p o in t  o u t  th a t  th o se  c o lo rs  c h a n g e  a ll  th e  
t im e  d e p e n d in g  o n  th e  m a p . A n d  yo u  h a v e  to  lo o k  a t  th in g s  a n d  
b e  l ik e , o h  it ’s  re d . A n d  yo u ’re  l ik e , o h  w e ll  to d a y  re d ’s  o n ly  o v e r  
o n e  in c h . A n d  o th e r  m a p s  th e y ’l l  b e  l ik e , o h  re d  m ea n s  e ig h t  in c h -
e s .” O th e r  c o m m e n t s  e m p h a s iz e d  th a t  w o rd  c h o ic e  in  p ro d u c t  
d e s ig n  c o u ld  h e lp  u n d e r s t a n d in g  o r  c o u ld  d is t ra c t  u s e r s  w ith  
u n fam ilia r  c o n c e p t s . F o r  in s t a n c e , o n e  p a r t ic ip a n t  n o te d  w ith  
s u p p o r t  f ro m  th e  ro o m  th a t  th e  p h ra s e  “r iv e r  le v e l e x c e e d -

Fo r  b o th  s e t s  o f  u se rs , d e s ig n  c h a ra c te r is t ic s  w e re  
c r it ic a l  to  c o n v e y in g  th e  in fo rm a t io n . F o r  in s ta n c e , 
o n e  d ra f t  p ro d u c t  u se d  th e  c o lo r  re d  to  in d ic a te  th e  
ra n g e  o f  p ro b a b il it y  o f  re a c h in g  fl o o d  le v e ls , b u t  
re s id e n t ia l  u se rs  m isu n d e rs to o d  th e  c o lo r  to  m e a n  
d a n g e r, ra th e r  th a n  c o n fi d e n c e  in  a  lo w e r  r iv e r  le v e l: 
“We  lo o k  a t  re d , a n d  w e  th in k  r is k .”
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a n c e ” w a s  s t ra n g e  a n d  th a t  “e xc e e d a n ce  is  a  w o rd  n o b o d y, 
a b so lu te ly  n o b o d y, u se s .”   C o n v e r s a t io n  c e n te re d  o n  th is  t e rm i-
n o lo g y  fo r  s o m e  t im e , s lo w in g  u n d e r s t a n d in g  o f  t h e  p ro d u c t  
d a ta . Va r ia n t s  o f  H E F S  w ith  m a n y  d iff e re n t  c o lo r s  c a u s e d  
s o m e  c o n fu s io n  fo r  p a r t ic ip a n t s  w h o  d e s c r ib e d  th e  g ra p h ic s  
a s  lo o k in g , fo r  in s t a n c e , “L ik e  a  t ie -d ye d  sh ir t ,” d is t ra c t in g  f ro m  
u n d e r s t a n d in g   O n e  c le v e r ly  e x p la in e d  h o w  th e  c o m p le x it y  
o f  t h e  in fo rm a t io n  a ff e c te d  h is  d e c is io n s  to  t a k e  a c t io n  w h e n  
p re s e n te d  a  p ro b a b ilis t ic  p ro d u c t  s h o w in g  p o te n t ia l fl o o d in g : 
“If  yo u  re a lly  w a n t  to  ca tc h  m y  a t te n t io n , th e y  h a v e  to  g e t  a  lo t , a  
lo t  m o re  s im p lifi e d  a n d  m o re  ca r to o n y. A t  th is  p o in t , I  w o u ld  s t i l l  
b e  p la y in g  v id e o  g am e s.”

D e s c r ib in g  th e  p ro b a b ilis t ic  p ro d u c t s  a s  c o m p le x , re s id e n t ia l 
p a r t ic ip a n t s  a n d  p ro fe s s io n a ls  a lik e  fa v o re d  a n y  in fo rm a t io n  
th a t  w o u ld  in s t ru c t  u s e r s  h o w  to  re a d  a n d  u n d e r s t a n d  p ro b -
a b ilis t ic  in fo rm a t io n , a n d  s u g g e s te d  th a t  a b s e n t  th a t  in fo r-
m a t io n , t h e y  m a y  ju s t  s k ip  o v e r  th e  p ro d u c t  b e c a u s e  th e y  a re  
u n c e r t a in  h o w  to  u s e  it  in  d e c is io n -m a k in g .  O n e  e x p e r ie n c e d  
p ro fe s s io n a l e x p la in e d  th a t  w ith o u t  a  d e s c r ip t io n  o f  t h e  H E F S , 
“I’m  n o t  su re  I  w o u ld  h a v e  su sse d  it  o u t  o n  m y  o w n .”   P a r t ic ip a n t s  
re q u e s te d  tu to r ia ls , in c lu d in g  te x t  a n d  v id e o s , to  e x p la in  h o w  
th e  fo re c a s t s  a re  d e v e lo p e d  a n d  h o w  to  u n d e r s t a n d  
th e  g ra p h ic s . 

M o re  a d v a n c e d  u s e r s  re q u e s te d  a d v a n c e d  p ro d u c t  d e v e lo p -
m e n t , w ith  o n e  p ro fe s s io n a l a s k in g  if  t h e  H E F S  c o u ld  s h o w  
d iff e re n t  s c e n a r io s  b a s e d  o n  d am  m a n a g em e n t  m o d e ls  o r  
s h o w  a  s p a t ia l d is p la y  o f  p ro b a b ilit ie s  a c ro s s  a  w a te r s h e d  
ra th e r  th a n  o n ly  g a g e -sp e c ifi c . P a r t ic ip a n t s  a ls o  re q u e s te d  to  
s e e  m u lt ip le  g a g e s  a t  t h e  s am e  t im e , a s  th e y  f re q u e n t ly  u s e d  
m u lt ip le  g a g e s  to  a s s e s s  r is k . P ro fe s s io n a ls  n o te d  th a t  e m e r-
g e n c y  m a n a g e r s  o f te n  u s e  d a ta  f ro m  th e  fi e ld  o n  a  m o b ile  
d e v ic e , a n d  th a t  d a ta  n e e d s  to  b e  e a s y  to  u s e  v ia  c e ll p h o n e , 
a n d  th a t  g ra p h ic s  a ls o  n e e d  to  b e  e a s y  to  c a p tu re  fo r  s h a r in g  
w ith  o th e r s .

A s  d em o n s t ra te d  in  th e  s u r v e y  re s u lt s  a s  w e ll a s  fo c u s  g ro u p  
d a ta , t h e  fo re c a s te r ’s  n o te  w a s  a  w e lc o m e  a d d it io n  to  p ro d -
u c t s , w ith  o n e  p ro fe s s io n a l s a y in g : “I th in k  it ’s  a  q u ic k  w a y  to  
a n a ly ze  th e  d a ta . B e ca u se ... a  lo t  o f  p e o p le  a re n ’t  g o n n a  lo o k  a t  
th is  g ra p h  a n d  n e c e ssa r ily  u n d e rs ta n d  it , so  th e y  ca n  ju s t  re a d  
th a t  n o te  - o h , th e n  w e  sh o u ld  p ro b a b ly  yo u  k n ow, c o n s id e r  
th is .”  O th e r s  n o te d  th a t  it  w a s  a ls o  a  g o o d  w a y  to  c o m m u -

n ic a te  w ith  t ru s te d  fo re c a s te r s  “I th in k  it ’s  a  g o o d  o p p o r tu n it y  
to  h a v e  th e  fo re ca s te rs ...so r t  o f  p e rso n a liz e  a n d  c u s to m ize  it  to  
w h a t  th e y ’re  re a lly  sa y in g .”  A n o th e r  re q u e s te d  th a t  s u c h  a  n o te  
a ls o  b e  in c lu d e d  in  a n  in te ra c t iv e  p la t fo rm  fo r  p ro b a b ilis t ic  
d a ta , to  h e lp  u s e r s  u n d e r s t a n d  th e  k e y  in fo rm a t io n  a s  th e y  
s e t  t h e ir  o w n  p a ram e te r s . 

W h e n  t r y in g  to  p o r t ra y  p ro b a b ilit ie s , a d d in g  te x t  c a te g o r ie s  
to  p e rc e n t ile s , s u c h  a s  “m o re  lik e ly , le s s  lik e ly , le a s t  lik e ly ,” w a s  
h e lp fu l fo r  m a n y  re s id e n t ia l u s e r s , t h o u g h  s o m e  p ro fe s s io n a ls  
w o r r ie d  th a t  th e  id e a  o f  “m o s t  lik e ly ” c o u ld  c o n fu s e  u s e r s  w h o  
a re  a ls o  v ie w in g  th e  d e te rm in is t ic  fo re c a s t , a n d  m a y  o p t  to  
c o n s id e r  th e  “m o s t  lik e ly ” a s  th e  p e rc e iv e d  in te n d e d  fo re c a s t . 
P ro fe s s io n a ls  f re q u e n t ly  b u t  n o t  e x c lu s iv e ly  f a v o re d  u s e  o f  
p e rc e n t ile s , w ith  o n e  s u g g e s t in g : “(F )o r  w h a t  w e ’re  d o in g , fo r  
o u r  l in e  o f  w o rk , p e rc e n t ile  is  m o re  in te re s t in g  a n d  m o re  u n d e r-
s ta n d a b le .”  C o m b in in g  p e rc e n t ile s  a n d  c a te g o r ie s  w o rk e d  to  
m e e t  th e  n e e d s  o f  b o th  u s e r s . 

In  a d d it io n  to  d is t in c t io n s  b e tw e e n  p ro fe s s io n a l a n d  re s i-
d e n t ia l u s e r s , n e e d s  am o n g  th e  re g io n s  v a r ie d  a s  w e ll. F o r  
in s t a n c e , in  C o lo ra d o , w h ic h  in c lu d e d  a  lo w -fl o w  s c e n a r io , 
p a r t ic ip a n t s  re q u e s te d  a c t io n  th re sh o ld s  fo r  a   d ro u g h t  
p h a s e , s im ila r  to  th a t  p ro v id e d  fo r  fl o o d in g , a n d  fu r th e r  m e n -
t io n e d  th a t  u s e r s  n e e d  in fo rm a t io n  a b o u t  h o w  to  p re p a re  
fo r  im p a c t s  f ro m  su s t a in e d  lo w  fl o w s . A s  o n e  u s e r  e x p la in e d , 
in  th e ir  re g io n  “it ’s  n o t  ju s t  h ig h  fl o w  c o n d it io n s , lo w  fl o w  
c o n d it io n s  c a n  c ro s s  a n  e c o lo g ic a l  th re sh o ld , th e y  c o u ld  c ro s s  
a n  e c o lo g ic a l  th re sh o ld  o r  so m e  k in d  o f  in f ra s t ru c tu re  th re sh -
o ld  o r  ju s t , th e  r iv e r ’s  g o in g  d r y. S o , i f  th o se  th re sh o ld s  a re  
k n o w n , th e n  w e  sh o u ld  a lso  b e  sh o w n .”  U s e r s  in  C o lo ra d o  a ls o  
e x p re s s e d  a  p re fe re n c e  fo r  h y d ro lo g ic  in fo rm a t io n  e x p re s s e d  
in  c fs , c o m p a re d  to  C a lifo rn ia  a n d  N e w  Yo rk , w h e re  u s e r s  
s t ro n g ly  p re fe r re d  re c e iv in g  in fo rm a t io n  a b o u t  r iv e r  le v e ls /
s t a g e s . H is to r ic a l d a ta  w a s  im p o r t a n t  fo r  m a n y  u s e r s , e s p e -
c ia lly  in  C o lo ra d o , w h e re  u s e r s  e x p re s s e d  th e  m o s t  f am ilia r it y  
w ith  re c e iv in g  h is to r ic a l r iv e r  fl o w  in fo rm a t io n .  P re s e n te d  
a n  H E F S  s h o w in g  lo w  fl o w s , a  u s e r  d e s c r ib e d  c h a lle n g e s  in  
d e c id in g  w h e th e r  th e y  w e re  a t  r is k : “It  c u r re n t ly  su p p o se s  th a t  
I  w o u ld  k n o w  w h a t  th e se  n um b e rs , m e a n ... th e  le v e ls . I  d o n ’t  
k n o w  w h a t  a  n o rm a l le v e l  is  so ...I  a p p re c ia te  th e  in fo rm a t io n , 
b u t  I  d o n ’t  k n o w  h o w  to  re a d  it . S o  w h e n  yo u  sa y  h is to r ic a l  
r iv e r  le v e ls , re c o rd  fl o o d  s ta g e ,... c a n  yo u  ju s t  g iv e  m e  o n e  l ik e  
w h a t ’s  th e  h ig h e s t  it ’s  e v e r  b e e n , yo u  k n o w ?”
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A c ro s s  a ll re g io n s , b o th  p ro fe s s io n a ls  a n d  re s id e n t s  e x p re s s e d  

a  d e s ire  to  “g ro u n d -t ru th ” th e  a c c u ra c y  o f  p ro b a b ilis t ic  

fo re c a s t s , a n d  s u g g e s te d  th a t  s e e in g  th e  p a s t  p e r fo rm a n c e  

o f  p ro b a b ilis t ic  fo re c a s t s  w o u ld  h e lp  a s c e r t a in  c o n fi d e n c e  in  

c u r re n t  p ro b a b ilis t ic  fo re c a s t s : “... I  w o u ld  l ik e  to  s e e  p a s t  h is -

to r y  o f  h o w  th e  p ro b a b il is t ic  v e rsu s  th e  d e te rm in is t ic  fo re ca s t s  

p e r fo rm , b e fo re  I  w o u ld  sa y, I  t ru s t  o n e  o r  th e  o th e r. S o  re a l ly  

th is  d o e sn ' t , fo r  m e  d o e sn ' t  d o  a  w h o le  lo t , b e ca u se  it  ju s t  sh o w s  

a n d  f ro m  th e  p u b lic , I  th in k  it  p ro b a b ly  is  c o n fu s in g  b e ca u se , 

th e y 're  g o n n a , th e y 're  g o n n a , th e y, m a n y  o f  th em  u n d e rs ta n d  

le s s  a b o u t  s ta t is t ic a l  a n d  m o d e lin g  th a n  th o se  o f  u s  d o , a re  

g o in g  to  b e  l ik e , w h y  is  i t  s o ?  B e ca u se  I  u n d e rs ta n d  n o w , b u t  it 's  

l ik e , I  u n d e rs ta n d  m a yb e  th e y 're  t r y in g  to  sh o w  th a t , y o u  k n o w , 

th is  is  a l l  a  c ra p sh o o t . I  m e a n  fo re ca s t in g  th e  w e a th e r  is  n o t  

so m e th in g  th a t  is  e a sy  to  d o .” 

O v e ra ll, p a r t ic ip a n t s  e x p re s s e d  th a t  h e lp  in  le a rn in g  w h a t  

d a ta  is  a v a ila b le , a n d  o rg a n iz in g  h o w  it  is  p re s e n te d , w o u ld  

b e  h e lp fu l fo r  u s e r s  t r y in g  to  d ig e s t  in fo rm a t io n . In fo rm a -

t io n  o v e r lo a d  a n d  th e  c o n fu s io n  f ro m  to o  m u c h  v is u a l d a ta  

w a s  id e n t ifi e d  a s  a  c h a lle n g e . P a r t ic ip a n t s  in  o n e  lo c a t io n  

w o n d e re d  h o w  th e y  w o u ld  fi n d  fl o o d  w a tc h e s  a n d  w a rn in g s  

in  th e ir  re m o te  re g io n  b e c a u s e  th e y  h a v e  lim ite d  a c c e s s  to  

b ro a d c a s t  m e d ia , w h ile  o th e r s  s u g g e s te d  th a t  a ll-d ig it a l 

d is s e m in a t io n  (th ro u g h  T V  a n d  in te rn e t  p la t fo rm s ) w a s  in -

su ffi c ie n t , a n d  th a t  lo c a l o ffi c ia ls  n e e d  to  p o s t  p h y s ic a l k io s k s  

a n d  s ig n s  to  w a rn  n e ig h b o rh o o d s  o f  im p e n d in g  r is k . T h e  id e a  

o f  a  “o n e -s to p  s h o p ” c am e  u p  s e v e ra l t im e s  to  h e lp  p e o p le  

o rg a n iz e  in fo rm a t io n , a s  w e ll a s  a  s y s te m  th a t  c o u ld  o rg a n iz e  

v a r io u s  d a ta  s e t s  b y  p a r t ic ip a n t  t y p e , s u c h  a s  a  p o r t a l fo r  

e m e rg e n c y  m a n a g e r s  d e s ig n e d  w ith  th e  k e y  d a ta  th e y  m ig h t  

re q u ire .  A n o th e r  p a r t ic ip a n t  s u g g e s te d  “yo u  c o u ld  e v e n  m a k e  

a  fo re ca s t  fo r  n a tu ra l  h a za rd s  th a t  c o u ld  k in d  o f  sum m a r iz e  in  

n a rra t iv e  w h a t  th e  d a ta  is  o u t  th e re .” 

A c ro s s  a l l  re g io n s , b o th  p ro fe s s io n a ls  a n d  
re s id e n ts  e x p re s se d  a  d e s ire  to  “g ro u n d -t ru th ” 
th e  a c c u ra c y  o f  p ro b a b il is t ic  fo re ca s t s ...

H o w  u s e r s  t o le r a t e  d iv e r g e n c e  in  p r o b a b i l i s t i c  a n d  
d e t e rm in i s t i c  f o r e c a s t s

W h e n  p ro b a b ilis t ic  a n d  d e te rm in is t ic  fo re c a s t s  d iv e rg e d , 
re s id e n t ia l a n d  p ro fe s s io n a l p a r t ic ip a n t s  re s p o n d e d  in  a  
v a r ie t y  o f  w a y s , b a s e d  o n  e x p e r ie n c e  a n d  th e ir  le v e l o f  u n -
d e r s t a n d in g  o f  p ro d u c t  in fo rm a t io n . A lm o s t  a lw a y s , t h e  H E F S  
fo re c a s t  p ro d u c t s  h a d  to  b e  e x p la in e d  to  p a r t ic ip a n t s , a s  w e ll 
a s  t h e  d iff e re n c e  b e tw e e n  th e  b la c k  d e te rm in is t ic  fo re c a s t  
lin e  a n d  th e  p ro b a b ilit ie s  d e s c r ib e d  in  d e ta il. W ith  re p e a te d  
u s e , p a r t ic ip a n t s ’ s e n s e  o f  t h e  u t i lit y  o f  t h e  p ro d u c t  g e n e ra lly  
in c re a s e d . 

P ro fe s s io n a ls  e x p re s s e d  a n  e x p e c ta t io n  th a t  th e  d e te rm in is t ic  
a n d  p ro b a b ilis t ic  w o u ld  c o n v e rg e  a n d  s t ru g g le d  to  u n d e r-
s t a n d  w h y  th e  d e te rm in is t ic  fo re c a s t  a n d  5 0  p e rc e n t  lin e  
w e re n ’t  in  a g re em e n t : “W h y  o n  th is  g ra p h  d o e s  th e  d e te rm in -
is t ic  e x c e e d  th e  m o s t  l ik e ly ?   Is  i t  b e ca u se  o f  so m e  se t t in g  yo u  
ju s t  c h a n g e ?” A n o th e r  s a id : “I  c a n ' t  q u ite  fi g u re  th a t . I t  d o e sn ' t  
m a k e  s e n se  to  m e  th a t  th e  b la c k  l in e  d o e sn ' t  jiv e  w ith , a l l  th e , 
a l l  th e  fa n c y  c o lo rs  th a t  a re  in  th e re .”   O n e  e x p e r ie n c e d  p ro -
fe s s io n a l fo u n d  th e  fo re c a s t  v e r y  c o n fu s in g  w h e n  th e  d e te r-
m in is t ic  fo re c a s t  d id n ’t  a lig n  w ith  th e  m e d ia n : “N ow  w h e n  I 'm  
lo o k in g  a t  th is , I 'm  l ik e , e v e r y th in g  I  k n ew  w a s  w ro n g . I  d o n ' t  
k n o w  w h a t  th e y 're  d o in g .” 

S o m e  s u g g e s te d  th a t  la rg e  d iv e rg e n c e s  c a n  c a u s e  th em  to  
b e lie v e  th e  fo re c a s t  is  in c o r re c t , a s  s a id  o n e  p a r t ic ip a n t  w h e n  
p ro b a b ilit ie s  d iv e rg e d  f ro m  th e  fo re c a s t , “S o  l ik e , th e y  sa y  
th a t  it  (r iv e r  le v e l) h a s  a  lo w  p e rc e n t  c h a n c e  o f  b e in g  t ru e , w h y  
sh o u ld  I  b e l ie v e  th e  o ffi c ia l  fo re ca s t?” 

A s  m e n t io n e d  e a r lie r, i f  p re v io u s  e x p e r ie n c e  s u g g e s t s  th a t  th e  
p ro b a b ilit ie s  a re  re lia b le , p e o p le  w ill f a v o r  th o s e  in s te a d  o f  
t h e  fo re c a s t . W h e n  o n e  p a r t ic ip a n t  n o te d  th a t  th e  d e te rm in -
is t ic  s e em e d  n o t  to  m a tc h  th e  a c tu a l im p a c t s  o c c u r r in g  in  th e  
s c e n a r io , h e  s a id , “T h e  p re d ic t io n  h a sn ' t  b e e n  so  g o o d . T h a t 's  
w h a t  I ’m  sa y in g . B u t  th e  p ro b a b il it ie s  h a v e  b e e n  re a l ly  g o o d . 
T h e y  h a v e  b e e n  v e r y  c o n s is te n t  w ith  re a l it y  so  I 'm  fe e l in g  re a l ly  
g o o d  a b o u t  it .”
 
I f  g iv e n  in fo rm a t io n  a b o u t  th e  re a s o n  fo r  t h e  d iv e rg e n c e , 
u s e r s  e x p re s s e d  in c re a s e d  c o n fi d e n c e  in  th e  p ro d u c t s . 
“(S )o  yo u , yo u  m a d e  th e  p o in t  th a t  th e  d e te rm in is t ic  is  d iff e re n t  
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th a n  th e  p ro b a b il is t ic , a n d  th a t  th e , th e  b la c k  l in e  is  n o t  fo l lo w -
in g  th e  a v e ra g e  o f  th e  p ro b a b il is t ic , s o  yo u 're  a c tu a lly  in  tw o  
d iff e re n t  m e th o d s  h e re  to  c a lc u la te  th o se  tw o  th in g s . A n d  so  
it  w o u ld  b e  u se fu l  to  ju s t  h a v e  a  b u t to n  o r  so m e th in g  th a t  d e -
s c r ib e s  h o w  e a c h  w a s  c a lc u la te d . A n d  so  th a t  yo u  u n d e rs ta n d  
th a t  th e re  a c tu a lly, th e  b la c k  l in e  is  n o t  th e  a v e ra g e  o f  th e  
p ro b a b il is t ic , i t ’s  a  d iff e re n t  m e th o d .”  A n o th e r  e c h o e d : “A n d  so , 
um , is  y e l lo w , so  th e  m id d le  o f  th e  y e l lo w  zo n e , is  fi f t y  p e rc e n t  
p ro b a b il it y. S o  a c c o rd in g  to  fi f t y  p e rc e n t  p ro b a b il it y, y o u 're  n o t  
e v e n  g o n n a  h it  y o u r  m o n ito r  s ta g e  o r  yo u ’re  n o w h e re  c lo se , 
b u t  yo u r  d e te rm in is t ic  is  sa y in g  th a t  yo u 're  g o in g  to  b e  in  th e  
fl o o d  s ta g e . A n d  so , um , a t  th is  p o in t , y o u  n e e d  to  u n d e rs ta n d , 
a s  a  p ro fe s s io n a l yo u  n e e d  to  u n d e rs ta n d  th e  d iff e re n c e , th e , 
w h y, w h y  is  th a t  d iff e re n c e  th e re ?  W h a t  is  th a t  in d ic a t in g ? S o  
yo u  n e e d  to  u n d e rs ta n d  th e  m e th o d s  b e h in d  it , a n d  m a yb e  in  
th a t  in fo rm a t io n , l ik e  I ’v e  ta lk e d  a b o u t  e a r l ie r  y o u  h a v e  so m e  
d e s c r ip t io n  o f  w h y, w h y  yo u  m ig h t  s e e  th o se  d iff e re n c e s . J u s t  so  
yo u  c a n  in te rp re t  it .” 

A n o th e r  s u g g e s te d  th a t  p e o p le  “a re  g o in g  to  f re a k  o u t” i f  t h e  
fo re c a s t s  d iv e rg e , a n d  th a t  th e  d iv e rg e n c e  m u s t  b e  e x p la in e d  
to  a v o id  p a n ic . P a r t ic ip a n t s  s u g g e s te d  th a t  fo re c a s te r s  c o u ld  
“fl a g ” fo re c a s t  in fo rm a t io n  th a t  d o e sn ’t  im m e d ia te ly  a p p e a r  
s e n s ib le , s u c h  a s  a  p ro b a b ilis t ic  fo re c a s t  t h a t  d iv e rg e s  f ro m  
d e te rm in is t ic  d a ta .  O n e  s a id : “...I  m e a n  if  th e re  is  so m e th in g  
th a t  is  su sp e c t  o n  a  g a g e  o r  in  a  fo re ca s t , th e n  it  w o u ld  b e  g o o d  
fo r  it  to  b e  fl a g g e d  a s  y e s , th e  m o d e l is  sh o w in g  th is , b u t  fo r  
w h a te v e r  re a so n s , y o u  k n o w , so  th a t  th e  in fo rm a t io n  is  su s-
p e c t , y o u  k n o w ....” A n o th e r  s a id , “I  th in k  u n c e r ta in t y  is  g o o d  to  
d isp la y  a n d  c o m m u n ica te ...b e t te r  th a n  n o t  k n o w in g  th a t  c a u se  
th e y 're  b e in g  h e s ita n t  a n d  p u ll in g  b a c k  b e ca u se  I  d o n ' t  w a n t  to  
f re a k  p e o p le  o u t  b u t  I 'd  p re fe r  to  k n o w  a b o u t  th e  u n c e r ta in t y  in  
th e  fo re ca s t s .”   S t i ll  a n o th e r  s u g g e s te d  th a t  w ith o u t  e x p la n a -
t io n  o f  d iv e rg e n c e , it  w o u ld  b e  h a rd  to  m a k e  d e c is io n s : “Ye a h , 
I  th in k  th e  fi rs t  q u e s t io n  w o u ld  b e , w h y  is  th e  b la c k  l in e  so  fa r  
o u t  o f  a l l  th e  p ro b a b il it ie s ?  A n d  if  th a t 's  n o t  e x p la in e d  o n  th e  
p a g e  a n yw h e re , ...I  d o n ' t  k n o w  w h a t  to  d o .”

A s  w ith  o th e r  d e c is io n s , u s e r s  s o m e t im e s  re lie d  o n  e x p e r ie n c e  
to  d e c id e  w h ic h  o f  t h e  d iv e rg e n t  fo re c a s t s  to  fo llo w .  O n e  p a r-
t ic ip a n t  w h e n  fa c e d  w ith  a  d iv e rg e n c e  s a id  “T h e  d e te rm in is t ic  
d o e sn ' t  m a k e  s e n se  to  m e  k n o w in g  o u r  r iv e r  b e ca u se  th a t 's , I  d o n ' t  
th in k  th a t 's  w h e n  w e 'd  h a v e  p e a k  fl o w  so ... I  w o u ld  th ro w  th a t  o n e  
o u t  a n d  lo o k  a t  th e  t re n d  o n  th e  o th e r  l in e  a s  b e in g  m o re  re a l is t ic .”  

A s  d em o n s t ra te d  in  th e  s u r v e y  d a ta , b o th  p ro fe s s io n a l a n d  
re s id e n t ia l p a r t ic ip a n t s  a c ro s s  a ll re g io n s  a c k n o w le d g e d  o v e r-
w h e lm in g ly  th a t  w h e n  fa c e d  w ith  a  d is c re p a n c y , t h e y  w o u ld  
s e e k  m o re  in fo rm a t io n .  O n e  s a id , “T h is  w o u ld  m a k e  m e  c o m e  
b a c k  a n d  c h e c k  it  th re e  d a y s  la te r  a n d  se e  w h a t  th e  t re n d ’s  
d o in g .”  P a r t ic ip a n t s  s u g g e s te d  a d d in g  a  p h o n e  n u m b e r  fo r  
t h e  is s u in g  o ffi c e  d ire c t ly  o n  th e  p ro d u c t  s o  u s e r s  c a n  c a ll t h e  
fo re c a s te r s  to  a s k  q u e s t io n s , “C u z  th a t ’s  w h a t  I ’m  g o n n a  d o ,” 
s a id  o n e  p ro fe s s io n a l p a r t ic ip a n t . O n e  s a id  h e  w o u ld  s t a r t  
lo o k in g  to  o th e r  p ro d u c t s  a n d  fo re c a s t s  to  d e c id e  h o w  to  
p ro c e e d : “T h is  w o u ld  m a k e  m e  w a n t  to  lo o k  fo r  o th e r  in fo rm a -
t io n . S o  I  lo o k  a t  th e  um , u h , fo re ca s t  m o d e ls  fo r  p re c ip ita t io n  
a n d  re a l ly  ju s t  s ta r t  fo l lo w in g  th o se  a n d  se e in g  a re  th o se  l in in g  
u p . A n d  th e n  a lso  re a l ly  ta lk in g  w ith ... L ik e  I  w o u ld  ta lk  w ith  th e  
fo re ca s te r  a t  N a t io n a l W e a th e r  S e r v ic e  a n d  ju s t  t r y  to  g e t  m o re  
in fo rm a t io n . Yo u  g e t  a n  id e a  o f  th e ir  c o n fi d e n c e .”  A n o th e r  
e c h o e d  th a t  w ith o u t  e x p la n a t io n , t h e  d iv e rg e n t  fo re c a s t s  
w e re  n o t  v ie w e d  a s  t ru s tw o r th y : “I ’m  g o in g  to  b e  s k e p t ic a l. I 'm  
g o in g  to  lo o k  a t  it ... I 'm  n o t  g o in g  to  d o  m u c h  u n t i l  I  ta lk e d  to  
so m eb o d y  w h o 's  in  th is  e q u a t io n . W h a t 's  th is  fo re ca s t  p ro c e s s ?”

Wh e th e r  p e o p le  fa v o re d  th e  p ro b a b ilis t ic  o r  d e te rm in is t ic  
w h e n  th e y  d iv e rg e d  d e p e n d e d  o n  s e v e ra l f a c to r s , w ith  s o m e  
re ly in g  o n  p ro b a b ilit ie s  b e c a u s e  th e y  a ff o rd  m o re  in fo rm a t io n  
o r  b e c a u s e  th e y  fe lt  lik e  m o d e ls  w ith  “a l l  o f  th e  d iff e re n t  d a ta  
p o in t s”  w o u ld  b e  m o re  t ru s tw o r th y  th a n  th e  “h um a n  a sp e c t  
th a t  g o e s  in to  th e  [d e te rm in is t ic ] fo re ca s t  l in e .” P e rc e iv in g  th is  
d a ta  to  b e  m o re  re lia b le , o n e  u s e r  s a id : “I  w o u ld  t ru s t  th a t  a  
l i t t le  b it  m o re  th a n  th e  fo re ca s t .” O th e r s  s u g g e s te d  a  g ro w in g  
p re fe re n c e  fo r  p ro b a b ilis t ic  a s  th e ir  f am ilia r it y  g re w  w ith  
th em  d u r in g  th e  s c e n a r io : “ T h e  p ro b a b il it y  is  a lw a y s  n ic e  n o w , 
s in c e  l ik e  n o w  th a t  th e y 're  o n  th e re , w e 'v e  s e e n  th em , I  d o n ’t  

A s  d em o n s t ra te d  in  th e  su r v e y  d a ta , b o th  p ro -

fe s s io n a l a n d  re s id e n t ia l  p a r t ic ip a n ts  a c ro s s  a l l  

re g io n s  a c k n o w le d g e d  o v e rw h e lm in g ly  th a t  

w h e n  fa c e d  w ith  a  d is c re p a n c y, th e y  w o u ld  s e e k  

m o re  in fo rm a t io n .  O n e  sa id , “T h is  w o u ld  m a k e  

m e  c o m e  b a c k  a n d  c h e c k  it  th re e  d a y s  la te r  a n d  

se e  w h a t  th e  t re n d ’s  d o in g .”
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re a l ly  t ru s t  th e  b la c k  l in e .” A  p ro fe s s io n a l w ith  e x p e r ie n c e  w ith  
fo re c a s te r s  s a id  th e y  w o u ld  fa v o r  th e  d e te rm in is t ic , k n o w in g  
th a t  fo re c a s te r s  a re  b e h in d  th e  p ro d u c t  a n d  “th e y  h a v e  p ic k e d  
a  b la c k  l in e .”  O th e r  p ro fe s s io n a ls  s u g g e s te d  th e y  w o u ld  
s im p ly  re fe r  to  th e  d e te rm in is t ic  fo re c a s t  o n  a  d a ily  b a s is , to  
re d u c e  c o m p lic a t io n  in  th e  fa c e  o f  s o  m u c h  d a ta : “I  m e a n , yo u  
c o u ld  ru n  a  m il l io n  s c e n a r io s  in  a  m o d e l, b u t  a t  so m e  p o in t  th a t  
b e c o m e s  so m ew h a t  u se le s s .”  S o m e  p a r t ic ip a n t s  e x p re s s e d  a  
te n d e n c y  to  p re p a re  fo r  t h e  h ig h e r  fo re c a s t  i f  fl o o d in g  is  a  
r is k , to  b e  re a d y  “S o  I ’m  n o t  g o n n a  g o  w ith  th e  fo re ca s t ,” s a id  
o n e . “I ’m  g o n n a  g o  w ith  h ig h e r  th a n  th e  fo re ca s t .” 

S o m e  u s e r s  f a v o re d  th e  lo n g e r  t im e  h o r iz o n  th e  p ro b a b ilis t ic  
m o d e ls  p ro v id e . O n e  n o te d  th a t  th e  u n c e r t a in t y  in  th e  d e te r-
m in is t ic  fo re c a s t  is  a lre a d y  th e re , b u t  th a t  th e  p ro b a b ilis t ic  
m o d e ls  “m a ke s  it  m o re  e a sy  to  fi n d , I  g u e s s .” 

N o n e th e le s s , u s e r s  re p o r te d  th a t  a  v e r y  la rg e  d iv e rg e n c e  c a n  
c a u s e  a  lo s s  o f  f a ith  in  th e  m o d e ls  ru n n in g  th e  fo re c a s t : “It 's  
a lm o s t  l ik e  w h y  a re  w e  u s in g  th e se  m o d e ls  to  d o  th is  fo re ca s t-
in g , i f  th e n  th e  d e te rm in is t ic  fo re ca s t  is  so  m u c h  d iff e re n t  th a n  
th e  m o d e ls ?  B e ca u se  t y p ic a l ly  yo u  w o u ld , y o u ’re  u s in g  th e  
m o d e ls  to  h e lp  yo u  m a k e  th e  fo re ca s t , so  yo u r  d e te rm in is t ic  
m ig h t  b e  a  l i t t le  b it  d iff e re n t  th a n  th e  m o d e ls . B u t  i f  y o u r  m o d e l 
is  th a t  b a d , w h y  a re  yo u ?” 

A s  s u c h , p ro fe s s io n a ls  in d ic a te d  th e y  w o u ld  b e  h e s it a n t  to  
s h a re  s u c h  a n  e x am p le  w ith  th e  p u b lic  b e c a u s e  it  w o u ld  b e  
h a rd  to  e x p la in , n o t in g  th a t  th e  “k in d  o f  p e o p le  th a t  c a l l” th em  
to  d is c u s s  w e a th e r  w o u ld  s e e  a  d iv e rg e n c e  a n d  s a y  “w e ll  
th a t ’s  w h y  yo u  sh o u ld n ’t  u se  th o se  d am n  m o d e ls .” P re s e n t in g  
e x p la n a t io n s  o f  t h e  re a s o n  fo r  t h e  d is c re p a n c y  w a s  a n  im -
p o r t a n t  re q u e s t  to  c o u n te r  th is  c o n c e rn . 

H o w  d e t e rm in i s t i c  a n d  p r o b a b i l i s t i c  r i v e r  le v e l  f o r e c a s t s  
c a n  b e  p r e s e n t e d  s im u lt a n e o u s ly  w i t h o u t  c a u s in g  c o n -
f u s io n  f o r  t h e  u s e r

E v e n  a s  th e y  s t ru g g le d  to  u n d e r s t a n d  th e  o c c a s io n  o f  d iv e r-
g e n c e  b e tw e e n  p ro b a b ilis t ic  a n d  d e te rm in is t ic  fo re c a s t s , 
p a r t ic ip a n t s  o v e ra ll w e lc o m e d  th e  p re s e n c e  o f  p ro b a b ilis t ic  
fo re c a s t s  a lo n g s id e  d e te rm in is t ic  a n d  s o u g h t  in fo rm a t io n  to  
h e lp  m a k e  th em  u s a b le  a n d  m o re  u n d e r s t a n d a b le . A s  n o te d  
a b o v e , u s e r s  re q u e s te d  c le a r  e x p la n a t io n  o f  a n y  d iv e rg e n c e , 
n o t in g  “J u s t  th e  e x p la n a t io n  b e h in d  w h y  th e re ’s  th a t  m u c h  
u n c e r ta in t y  w o u ld  b e  re a l ly  h e lp fu l.” 

P ro d u c t  d e s c r ip t io n s  th a t  a d d e d  te x t  e x p la n a t io n s  w e re  a ls o  
p ro p o s e d  to  h e lp  th e  u s e r  t a k e  in  th e  d a ta  f ro m  th e  g ra p h : 
“M a yb e  sum m a r iz e  w h a t  w e ’re  lo o k in g  a t  h e re . W e ’re  n o t  ju s t  
lo o k in g  a t  a  g ra p h . O ka y. W h a t ’s  h a p p e n in g  to m o rro w ? L ik e  
yo u  k n o w , yo u  w a n t  to  h a v e  a  b r ie f  u n d e rs ta n d in g  o f  w h a t  yo u  
a re  lo o k in g  a t  b e fo re  yo u  lo o k  a t  it .” Pa r t ic ip a n t s  re q u e s te d  
u s e r  t u to r ia ls  t h a t  e x p la in  th e  u s e  o f  c o lo r s , t h e  fo re c a s te r ’s  
n o te , t h e  p e rc e n t ile s  a n d  o th e r  le g e n d  d e ta ils , w ith  o n e  s t a t -
in g  th a t  it  w o u ld  m a k e  p e o p le  “fe e l  m o re  c o n fi d e n c e  in  w h a t  
th e y  w e re  re a d in g  a n d  lo o k in g  a t .” 

O t h e r  c o n s id e r a t io n s

D iff e r in g  g e o g ra p h ic  re g io n s  h a d  v a r y in g  le v e ls  o f  fam ilia r it y  
w ith  p ro b a b ilis t ic  in fo rm a t io n  a n d  h yd ro lo g ic  fo re c a s t s  in  
g e n e ra l. In  N ew  Yo rk , fo r  e x am p le , u s e rs  w e re  m u c h  m o re  
fam ilia r  w ith  a n d  t ru s t in g  o f  th e  h yd ro g ra p h ’s  d e te rm in is t ic  
fo re c a s t , w h ic h  a p p e a re d  to  m a k e  in te rp re ta t io n  o f  p ro b a b i-
lis t ic  d a ta  a ro u n d  th e  fo re c a s t  e a s ie r  fo r  n ew  u se rs . In  c o n t ra s t , 
p a r t ic ip a n t s  in  C o lo ra d o  te n d e d  to  re ly  u p o n  h is to r ic a l d a ta  
ra th e r  th a n  fo re c a s t s , m a k in g  u se  o f  p ro b a b ilis t ic  fo re c a s t s  
s lig h t ly  le s s  fam ilia r  u p o n  in t ro d u c t io n . G e t t in g  u se rs  to  a d o p t  
H E F S  p ro d u c t s , th e re fo re , m a y  re q u ire  d iff e re n t  a p p ro a c h e s  b y  
re g io n . In  p la c e s  w h e re  th e  h yd ro g ra p h  is  fam ilia r  a n d  t ru s te d  
b y  p u b lic  a n d  p ro fe s s io n a l u s e rs , th e  p ro b a b ilit ie s  c o u ld  b e  
e a s ily  a b so rb e d  in to  th e  d a ta  fl o w s  p e o p le  u se  fo r  p e rso n a l 
a n d  p ro fe s s io n a l u s e . In  p la c e s  w h e re  th e  h yd ro g ra p h  is  le s s  
w e ll k n o w n  a n d  t ru s te d  b e c a u se  o f  g e o g ra p h ic  fa c to rs , th e  
p ro b a b ilit ie s  c o u ld  b e  p re se n te d  to  n ew  u se rs  a s  h e lp fu l to o ls  
to  d e c ip h e r  th e  ra n g e  o f  p o s s ib le  o u tc o m e s  in  a  re g io n  w h e re  
p e o p le  a lre a d y  e x p e c t  u n c e r ta in t y . 

E v e n  a s  th e y  s t ru g g le d  to  u n d e rs ta n d  th e  

o c ca s io n  o f  d iv e rg e n c e  b e tw e e n  p ro b a b il is t ic  

a n d  d e te rm in is t ic  fo re ca s t s , p a r t ic ip a n ts  o v e ra l l  

w e lc o m e d  th e  p re se n c e  o f  p ro b a b il is t ic  fo re ca s t s  

a lo n g s id e  d e te rm in is t ic  a n d  so u g h t  in fo rm a t io n  

to  h e lp  m a k e  th em  u sa b le  a n d  m o re  u n d e r-

s ta n d a b le .
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R e c o m m e n d a t i o n s  

O u r  re c o m m e n d a t io n s  a re  o rg a n iz e d  in  th re e  t ie r s :  n a t io n a l 
p ro d u c t , re g io n a l p ro d u c t s , a n d  g e n e ra l d e c is io n  s u p p o r t  
s e r v ic e  b e s t  p ra c t ic e s . 

N a t io n a l  P r o d u c t
B a s e d  o n  th e  fi n d in g s  f ro m  th e  R o u n d  3  s u r v e y , w e  p ro p o s e  
th a t  a  p ro to t y p e  (F ig u re  1 9 ) a s  te s te d  in  th a t  s u r v e y  w ill b e  
s u ite d  fo r  m e e t in g  th e  n e e d s  o f  b o th  re s id e n t ia l a n d  p ro fe s -
s io n a l u s e r s . 

T h is  g ra p h ic  w a s  d e v e lo p e d  w ith  th e  m o s t  f a v o re d  e le m e n t s  
o f  t h e  p ro d u c t s  te s te d  in  e a c h  o f  t h e  th re e  re g io n s , a n d  w ith
s t ra te g ie s  d e s ig n e d  to  im p ro v e  u s e r  u n d e r s t a n d in g . R e c o g n iz -
in g  th a t  a  o n e -s iz e -fi t s -a ll a p p ro a c h  is  im p o s s ib le , t h is  p ro d u c t  
n o n e th e le s s  a im s  to  p ro v id e  m a x im um  u t ilit y  to  th e  b ro a d e s t  
s e t  o f  u s e r s  – c o m b in in g , fo r  in s t a n c e , p re fe re n c e s  fo r  c fs  a n d  
r iv e r  le v e l in to  o n e  p ro d u c t  a s  w e ll a s  n u m e r ic a l re p re s e n ta -
t io n s  o f  p ro b a b ilit y  a lo n g  w ith  “lik e ly ” c a te g o r ie s , a n d  a d d in g  
a  v e r t ic a l s id e  b a r  g ra p h  s h o w in g  r iv e r  le v e l e x c e e d a n c e s  to  
h e lp  in te rp re t  t h e  g ra p h . A  fo re c a s te r ’s  n o te , w h ic h  ra n k e d  
h ig h  in  a ll s u r v e y  d a ta , is  p ro m in e n t , a n d  fo rm a t t in g  is  d e -
s ig n e d  to  b e  s t a n d a rd  a n d  e a s y -to -u s e  a c ro s s  a ll re g io n s . 

F ig u re  1 9 .  P ro p o s e d  n a t io n a l H E F S  p ro d u c t  te s te d  in  R o u n d  3  o n lin e  s u r v e y .
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A s  p a r t  o f  t h e  fi n a l o n lin e  s u r v e y , p a r t ic ip a n t s  ra n k e d  th e ir  
f a v o re d  e le m e n t s  in  th is  n a t io n a l p ro d u c t . W e  p ro v id e  th a t  
d a ta  h e re  in  th e  g ra p h ic  b e lo w  (F ig u re  2 0 ) to  h e lp  i llu s t ra te  
th e  m o s t  c r it ic a l c o m p o n e n t s . (N o te  th a t  o n e  e le m e n t , t h e  
“S c a le  to  F lo o d  S t a g e ” b u t to n  o n  th e  to p  r ig h t , ra n k e d  la s t  
in  th e  s u r v e y , b u t  w a s  c o n s id e re d  im p o r t a n t  in fo rm a t io n  
d u r in g  th e  fo c u s  g ro u p s ; w e  e x p e c t  th a t  th e  fa c t  t h a t  th e  
s u r v e y  p ro d u c t  w a s  a lre a d y  s c a le d  to  fl o o d  s t a g e  re n d e re d  
th is  o p t io n  m o o t  in  th e  ra n k in g s , a n d  n o n e th e le s s  s u g g e s t  
t h a t  a  n a t io n a l p ro d u c t  s h o u ld  h a v e  a  w a y  to  s h o w c a s e  r iv e r  
le v e ls  re la t iv e  to  fl o o d  le v e ls , a s  t h is  is  f re q u e n t ly  n e e d e d  a n d  
re q u e s te d  in fo rm a t io n ).

T h is  p ro d u c t  in c lu d e s  a  p ro p o s e d  m e th o d  fo r  s h a r in g  h is to r ic  
r iv e r  le v e l d a ta  g a th e re d  f ro m  U SG S , w h ic h  s e r v e s  to  s it u a te  a  
g iv e n  d a y ’s  fo re c a s t  r iv e r  le v e l in to  c o n te x t  o f  t h e  lo w , a v e ra g e  
a n d  h ig h  d a ta  f ro m  th a t  d a te  c o m p a re d  to  th e  p re v io u s  3 0  
y e a r s . O th e r  a p p ro a c h e s  fo r  s h a r in g  a  fu lle r  ra n g e  o f  h is to r ic  
in fo rm a t io n  d a ta  w e re  c o n s id e re d  a n d  d ism is s e d  in  a n  e ff o r t  
to  s t re am lin e  a n d  s im p lif y  th e  n a t io n a l p ro d u c t  to  m e e t  th e  
n e e d s  o f  t h e  g re a te s t  n u m b e r  o f  u s e r s . H o w e v e r, t h e  H E F S  
p la t fo rm  c o u ld  a ls o  d e v e lo p  a  c o m p lem e n ta r y  p ro d u c t  th a t  
s h a re s  th e  p ro b a b ilis t ic  fo re c a s t  le v e ls  in  c o n ju n c t io n  w ith  a  
m o re  c o m p le te  d is p la y  o f  t h e  h is to r ic  r iv e r  le v e ls  fo r  t h e  s am e  
p e r io d  (w ith  th e  h is to r ic a l le v e ls  d em a rc a te d  b y  p a t te rn s  a s  a n  
o v e r la y  to  th e  c o lo r iz e d  p ro b a b ilit ie s .)

F ig u re  2 0 . G ra p h ic  s h o w in g  u s e fu ln e s s  o f  v a r io u s  e le m e n t s : p e rc e n ta g e  o f  p ro fe s s io n a ls  (P ) a n d  re s id e n t ia l (R ) p a r t ic ip a n t s  in d ic a t in g  th e  e le -
m e n t  w a s  u s e fu l is  d em a rc a te d  in  b lu e , w h ile  o v e ra ll ra n k in g  o f  t h e  e le m e n t s  w ith  1  b e in g  th e  m o s t  p re fe r re d  is  s h o w n  in  g re e n  in  p a re n th e s e s  
fo r  e a c h . (N o te : T h e  a n n o ta t io n  o n  th e  le g e n d  in d ic a t in g  h o u r ly  m o d e l ru n s  c a n  b e  a d ju s te d  a s  n e e d e d  fo r  o p e ra t io n s ; t h is  is  p la c e h o ld e r  te x t .)
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R e g io n a l  P r o d u c t s  
W h ile  a  n a t io n a l p ro d u c t  w ill h e lp  p ro v id e  a  s t a n d a rd  fo r  
d e liv e r y  o f  in fo rm a t io n  a c ro s s  th e  c o u n t r y , fe e d b a c k  f ro m  
fo c u s  g ro u p s  in  e a c h  re g io n  n o n e th e le s s  re v e a le d  a  n e e d  
fo r  re g io n -sp e c ifi c  in fo rm a t io n , d e liv e re d  in  fo rm a t s  th a t  a re  
c o m fo r t a b le  a n d  fam ilia r  to  u s e r s  in  th e  a re a . D u r in g  fo c u s  
g ro u p  c o n v e r s a t io n , p a r t ic ip a n t s  re la y e d  s to r ie s  re v e a lin g  
th a t  e a c h  c o m m u n it y  h a d  a  u n iq u e  a n d  im p o r t a n t  c u ltu re  o f  
c o o p e ra t io n  w ith  lo c a l N W S  o ffi c e s  a n d  e s t a b lis h e d  p a t te rn s  
o f  c o m m u n ic a t io n  th a t  h a d  d e v e lo p e d  o v e r  m a n y  y e a r s . A s  
s u c h , re g io n a l o ffi c e s  w o rk in g  to  c o m m u n ic a te  p ro b a b ilis t ic  
in fo rm a t io n  m a y  re q u ire  s p e c ifi c  m o d ifi c a t io n s  to  p ro b a b ilis -
t ic  d a ta  p ro d u c t s  to  m e e t  re g io n a l n e e d s . 

M a n y  fa c to r s , in c lu d in g  p h y s ic a l o n e s  s u c h  a s  g e o g ra p h y  a n d  
p o p u la t io n  d e n s it y , a n d  s o c ia l f a c to r s , in c lu d in g  th e  h is to r y  
o f  a  c o m m u n it y ’s  in te ra c t io n  w ith  g o v e rn m e n t  a g e n c ie s , w ill 
in fl u e n c e  th e  am o u n t  a n d  t y p e s  o f  in fo rm a t io n  n e e d e d . A s  
p re s e n te d  b e lo w , fo r  e a c h  re g io n , a  “re g io n a l p ro d u c t ” w a s  
s h o w n  a n d  te s te d  in  th e  R o u n d  3  fi n a l s u r v e y . T h e s e  p ro d -
u c t s  in c o rp o ra te d  th e  fe e d b a c k  f ro m  b o th  R o u n d s  1  a n d  2  
a n d  a im e d  to  re t a in  th e  s p e c ifi c  e le m e n t s  th a t  w e re  c r it ic a l 
to  e a c h  re g io n . P ro v id e d  h e re  a re  v a r ia n t s  o f  a  p ro b a b ilis t ic  
fo re c a s t  p ro d u c t  d e v e lo p e d  fo r  e a c h  re g io n . 

C o lo ra d o

F ig u re  2 1 .  F in a l re g io n a l H E F S  p ro d u c t  s h o w n  to  C o lo ra d o  p a r t ic ip a n t s  in  th e  R o u n d  3  o n lin e  s u r v e y .

In  C o lo ra d o , a u d ie n c e s  f re q u e n t ly  re p o r te d  u s in g  h is to r ic a l 
r iv e r  d a ta  f ro m  th e  U S G S  in  p la n n in g  fo r  u s e  o f  a re a  r iv e r s , 
w h e th e r  fo r  fe s t iv a ls  o r  in d iv id u a l u s e , o r  fl o o d  o r  d ro u g h t  
p la n n in g .  T h is  v a r ia n t , t h e re fo re , d is p la y s  th is  d a ta  in  a n  
in te ra c t iv e  p o p -u p  b o x , to  h e lp  o r ie n t  u s e r s  to  h o w  fo re c a s t  

p ro b a b ilit ie s  re la te  to  h is to r ic a l h ig h , n o rm a l, o r  lo w  le v e ls . 
P a r t ic ip a n t s  f ro m  th is  re g io n  e x p re s s e d  a  s p e c ia l n e e d  fo r  
t h is  in fo rm a t io n  a n d  th e re fo re  it  s h o u ld  b e  c o n s id e re d  in  a n y  
re g io n a l v a r ia n t s .
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N ew  Yo rk

N ew  Yo rk  a u d ie n c e s  p a r t ic u la r ly  re p o r te d  a  fam ilia r it y  w ith  
d e te rm in is t ic  r iv e r  le v e l fo re c a s t s  a n d  re lie d  u p o n  th o s e  fo r  
p la n n in g , w h ile  a ls o  w e lc o m in g  p ro b a b ilis t ic  d a ta . P ro fe s -
s io n a l a n d  re s id e n t ia l a u d ie n c e s  a lik e  w e re  c o n c e rn e d  a b o u t  
f re q u e n t  fl o o d in g  a n d  w a n te d  to  u n d e r s t a n d  a n t ic ip a te d  r iv e r  
le v e ls . T h e y  e x p re s s e d  s t ro n g  s u p p o r t  fo r  a  t a b u la r  s e t  o f  d a ta  
th a t  in d ic a te d  p ro b a b ilit ie s  fo r  r iv e r  le v e l e x c e e d a n c e  w h ic h  

w a s  s h o w n  a s  a  v e r t ic a l b a r  g ra p h  o n  th e  re v is e d  g ra p h ic . T h is  
d a ta  w a s  c o n s id e re d  im p o r t a n t  fo r  fl o o d  p la n n in g  a n d  a ls o  
a d v a n c e d  u n d e r s t a n d in g  o f  t h e  ra n g e  o f  p ro b a b ilit ie s  s h o w n  
o n  th e  H E F S  o u tp u t . 

F ig u re  2 2 . F in a l re g io n a l H E F S  p ro d u c t  s h o w n  to  N e w  Yo rk  p a r t ic ip a n t s  in  th e  R o u n d  3  o n lin e  s u r v e y .
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C a lifo rn ia

A s  w ith  N e w  Yo rk  a u d ie n c e s , re s id e n t s  a n d  p ro fe s s io n a ls  in  
C a lifo rn ia  w e re  c o n c e rn e d  w ith  f re q u e n t  fl o o d in g . In  C a lifo rn ia , 
a u d ie n c e s  h a d  le s s  f am ilia r it y  a n d  t ru s t  in  d e te rm in is t ic  r iv e r  
le v e l fo re c a s t s  t h a n  N e w  Yo rk , b u t  w a n te d  to  u n d e r s t a n d  th e  
p ro b a b ilit y  o f  fl o o d in g . C a lifo rn ia  a u d ie n c e s  a ls o  e x p re s s e d  
s t ro n g  s u p p o r t  fo r  t h e  v e r t ic a l b a r  g ra p h  r iv e r  le v e l e x c e e d a n c e  
in fo rm a t io n .  

F ig u re  2 3 . F in a l re g io n a l H E F S  p ro d u c t  s h o w n  to  C a lifo rn ia  p a r t ic ip a n t s  in  th e  R o u n d  3  o n lin e  s u r v e y .

O t h e r  R e g io n a l  P r o d u c t s

In  e a c h  re g io n , t h e  s c e n a r io s  in c lu d e d  o th e r  p ro d u c t s  u s e d  
b y  fo re c a s te r s  d u r in g  a c u te  w e a th e r  e v e n t s .  F o r  in s t a n c e , 

N e w  Yo rk ’s  s c e n a r io  in c lu d e d  in fo rm a t io n  a b o u t  s n o wm e lt , s o il 
s a tu ra t io n , a n d  r iv e r  le v e ls  a t  g a g e s  a d ja c e n t  to  th e  s c e n a r io  
lo c a t io n , a s  w e ll a s  a  s p a t ia l fl o o d  w a rn in g  p o ly g o n  m a p  a n d  
a  S ig n ifi c a n t  R iv e r  F lo o d  O u t lo o k  p ro d u c t . In  C o lo ra d o , t h e  
s c e n a r io  w a s  o p e n e d  w ith  d ro u g h t  in fo rm a t io n  f ro m  N R C S  a n d  
in c lu d e d  a  s p e c ifi c  fo c u s  o n  a  “P e a k  F lo w  F o re c a s t ” p ro d u c t  
th a t  is  s h a re d  b y  th e  C B R F C .  D is c re te  fo c u s  g ro u p  fe e d b a c k  
o n  th e s e  p a r t ic u la r  p ro d u c t s  h a s  b e e n  s h a re d  w ith  p ro je c t  
p a r tn e r s  o u t s id e  o f  t h is  re p o r t , b u t  le s s o n s  le a rn e d  f ro m  c o m -
m u n ic a t io n  a b o u t  th e s e  e le m e n t s  h e lp s  to  in fo rm  th e  d e c is io n  
s u p p o r t  re c o m m e n d a t io n s  th a t  fo llo w .
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D e c i s i o n  S u p p o r t  R e c o m m e n d a t i o n s

P r o d u c t  P r e s e n t a t io n
In  a ll c o m m u n ic a t io n , in c lu d in g  p ro d u c t s  a n d  b r ie fi n g  in fo rm a t io n , t h e  n e e d  fo r  t it le s , la b e lin g  a n d  le g e n d s  to  c le a r ly  c o n v e y  
in fo rm a t io n  is  c r it ic a l to  a llo w in g  u s e r s  to  q u ic k ly  a n d  e a s ily  u n d e r s t a n d  w h a t  th e y  a re  re a d in g . O u r  p ro d u c t  re c o m m e n d a t io n s  
re fl e c t  th e  n e e d  fo r  c a re fu l u s e  o f  c o lo r, le g e n d s  a n d  la b e lin g , a n d  a ls o  re fl e c t  e x te n s iv e  u s e r  te s t in g . 

	 •	 A v o id  th e  u s e  o f  a c ro n ym s , w h e re v e r  p o s s ib le  a n d  w h e re  th e y  a re  e s s e n t ia l, e n su re  th a t  le g e n d  o r  t it le  in fo rm a t io n  c le a r ly  	
		  d e fi n e s  w h a t  th e  a c ro n ym s  a re  a n d  w h a t  th e y  m e a n .  F o r  in s t a n c e , i f  re fe re n c in g  a  p a r t ic u la r  w e a th e r  m o d e l s u c h  a s  th e  	
		  G E F S , t h is  in fo rm a t io n  s h o u ld  b e  e x p la in e d  in  a  le g e n d , a n d  th e  p r im a r y  t it le  s h o u ld  u s e  p la in  la n g u a g e  to  d e s c r ib e  w h a t  	
		  t h e  p ro d u c t  is  s h o w in g  (i .e ., O b s e r v e d  a n d  F o re c a s t  R iv e r  L e v e ls  in s te a d  o f  G A G E N AM E : G E F S  fo re c a s t ).  

	 •	 E lim in a te  o r  d e fi n e  a n y  le g a c y  c o d in g  te x t  t h a t  d o e s  n o t  h e lp  u s e r s  u n d e r s t a n d  w h a t  th e y  a re  lo o k in g  a t . U s e r s  w ill w o rk  	
		  to  u n d e r s t a n d  s u c h  c o d e s , a n d  th e y  m a y  c o m e  to  fa ls e  c o n c lu s io n s  o r  e x h a u s t  t h e ir  in te re s t  a n d  e n e rg y  in  th e  p ro d u c t  	
		  w h ile  t r y in g  to  d e c ip h e r  u n k n o w n  a n d  u n im p o r t a n t  d e ta ils .  

	 •	 E x p lo re  o p p o r tu n it ie s  fo r  in v it in g  u s e r  fe e d b a c k  in to  n e w  p ro d u c t s  to  e n su re  th a t  m e s s a g e s  a re  b e in g  c le a r ly  re c e iv e d . 	
		  T h is  is  e s p e c ia lly  im p o r t a n t  fo r  W F O s  a s  th e y  ‹‹£w o rk  w ith  p a r tn e r s  a n d  o th e r s  in  th e ir  re g io n s .   

I n t e r a c t i v i t y  
U s e r s  w e lc o m e  in te ra c t iv it y  in  p ro d u c t s  a n d  re q u e s t  t h e  a b ilit y  to  d e fi n e  th e ir  o w n  p a ram e te r s  a n d  s e t  t h e ir  o w n  c a te g o r ie s  fo r  
in fo rm a t io n . P ro fe s s io n a l u s e r s  h a v e  e x p re s s e d  th e  im p o r t a n c e  o f  b e in g  a b le  to  d e fi n e  t im e f ram e s  a n d  re g io n s , a n d  to  in p u t  
d a ta  f ro m  N W S  s y s te m s  in to  th e ir  o w n  p la t fo rm s . R e s id e n t ia l u s e r s  a re  in te re s te d  in  b e in g  a b le  to  s e t  o n ly  th o s e  d a ta  c o m -
p o n e n t s  th a t  a re  re le v a n t  to  th em , to  s im p lif y , ra th e r  th a n  e x p a n d , in fo rm a t io n . B o th  g ro u p s  fi n d  in te ra c t iv it y  e n g a g in g , a n d  
in te ra c t iv e  p la t fo rm s  a p p e a r  lik e ly  to  e n c o u ra g e  b o th  s e t s  o f  u s e r s  to  s p e n d  m o re  t im e  w ith  d a ta . In te ra c t iv it y  c a n  a ls o  a d v a n c e  
in c re m e n ta lly  w ith  th e  a d d it io n  o f  in fo rm a t io n  b u t to n s  a s  d e s c r ib e d  b e lo w .

	 •	 C o n s id e r  b u ild in g  in te ra c t iv e  p la t fo rm s  o f  t h e  p ro b a b ilis t ic  p ro d u c t s  th a t  d e fa u lt  to  th e  s im p le s t  d is p la y s  a n d  m o s t  b a s ic  	
		  c o m p o n e n t s  o f  in fo rm a t io n , a n d  w h ic h  a llo w  e x p e r ie n c e d  u s e r s  to  a d d  m o re  c o m p le x  d a ta .  

	 •	 In c lu d e  th e  a b ilit y  to  p re s e r v e  d a ta  c h o ic e s  s o  th a t  th e  p ro d u c t  c a n  b e  f re q u e n t ly  re v is ite d  b y  a  u s e r  w ith o u t  h a v in g  		
		  to  b e  re d e fi n e d  e a c h  t im e . To g g le  o p t io n s  c o u ld  in c lu d e  th e  d e te rm in is t ic  fo re c a s t , fe w e r  o r  m o re  p e rc e n t ile  b re a k d o w n s  	
		  (i .e ., o n ly  e x t re m e s , o r  2 5 -5 0  p e rc e n t  ra n g e s , e t c .), m e d ia n  lin e , a n d  t ra c e s . O th e r  p a ram e te r s  c o u ld  in c lu d e  a  u s e r-		
		  e s t a b lis h e d  fo re c a s t  p e r io d  (3  d a y s , 7  d a y s , 1 0  d a y s , lo n g e r  p e r io d s , e t c .) a n d  th e  p o s s ib ilit y  o f  s e le c t in g  n u m e ro u s  g a g e s  	
		  fo r  s im u lt a n e o u s  d is p la y , a llo w in g  fo r  a n  a re a  c o m p a r is o n . 

	 •	 C o n s id e r  a  d e fa u lt  s e t t in g  fo r  n e a r-te rm  fo re c a s t s  t h a t  c o u ld  b e  u s e d  in  b r ie fi n g s  o r  o th e r  d is s e m in a t io n . S t a n d a lo n e  		
		  p ro d u c t s  re fl e c t in g  th e  fo re c a s t  w ill c o n t in u e  to  b e  im p o r t a n t  a n d  n e e d  to  b e  e a s ily  c a p tu re d  s o  th e y  c a n  b e  e x p o r te d  	
		  f ro m  a n  in te ra c t iv e  p la t fo rm  fo r  s h a r in g  b y  p ro fe s s io n a l u s e r s .

	 •	 In c lu d e  a  b a s e  le v e l o f  in te ra c t iv it y  w ith  b u t to n s  o n  p ro d u c t s  th a t  p ro v id e  in fo rm a t io n  a b o u t  h o w  to  u n d e r s t a n d  a n d  		
		  re a d  th e  fo re c a s t  p ro d u c t  (s e e  b e lo w  fo r  m o re  in fo rm a t io n  o n  s h a r in g  w h a t ’s  in  th e  fo re c a s t ).  

S h a r in g : W h a t ’s  in  t h e  F o r e c a s t ?  
P a r t ic ip a n t s  o v e rw h e lm in g ly  re p o r te d  th a t  th e y  w a n t  to  u n d e r s t a n d  w h a t  th e  fo re c a s t  c o n ta in s , e s p e c ia lly  w h e n  fa c e d  w ith  
in fo rm a t io n  th a t  is  n o t  e a s ily  u n d e r s to o d  o r  t h a t  s e em s  in c o n g ru o u s  fo r  a n y  re a s o n . To  th is  e n d , w e  p ro v id e  th e  fo llo w in g  re c -
o m m e n d a t io n s .
	 •	 C o n s id e r  m e th o d s , s u c h  a s  e x p a n d in g  le g e n d s  o r  p ro v id in g  p o p -u p  in fo rm a t io n  b o x e s  fo r  m o re  in fo rm a t io n , to  e la b o ra te  	
		  o n  h o w  fo re c a s t  in fo rm a t io n  w a s  d e r iv e d . 
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	 •	 F o r  h y d ro g ra p h s  a n d  p ro b a b ilis t ic  fo re c a s t s , in c lu d e  in fo rm a t io n  a b o u t  w h e th e r  fo re c a s t s  c o n ta in  h is to r ic a l d a ta , c u r re n t  	
	 	 w e a th e r  a n d  p re c ip it a t io n  in fo rm a t io n , o r  a  c o m b in a t io n  o f  b o th , a s  w e ll a s  w h e th e r  th e  fo re c a s t s  in c o rp o ra te  o th e r  fa c to rs , 	
		  s u c h  a s  s n o wm e lt , s o il s a tu ra t io n  a n d  d am  m a n a g em e n t  re g im e s . Em e rg e n c y  b r ie fi n g s  c a n  b e  a n  e x c e lle n t  m e th o d  o f  	
		  p ro v id in g  a n c illa r y  in fo rm a t io n  a b o u t  th e s e  fa c to r s  to  h e lp  u s e r s  u n d e r s t a n d  w h a t  is  d r iv in g  th e  p ro b a b ilis t ic  fo re c a s t s . 

	 •	 R e c o g n iz e  n e e d s  o f  d iff e re n t  u s e r s . F o r  in s t a n c e , p a r t ic ip a n t s  p r im a r ily  re q u e s te d  a  d e s c r ip t io n  o f  t h e  e le m e n t s  u s e d  to  	
		  g e n e ra te  th e  fo re c a s t , ra th e r  th a n  th e  d a ta  it s e lf  (i .e ., t h e y  w a n te d  to  k n o w  it  c o n ta in e d  q u a n t it a t iv e  p re c ip it a t io n  fo re - 	
		  c a s t  d a ta , b u t  d id  n o t  re q u e s t  to  s e e  th e  a c tu a l Q P F  d a ta  s p e c ifi c a lly ). H o w e v e r, s o m e  p ro fe s s io n a l u s e r s  in d ic a te d  th a t  	
		  in te ra c t iv e  s y s te m s  th a t  a llo w e d  th em  to  p u ll raw  d a ta  fo r  u s e  in  th e ir  m o d e lin g  s y s te m s  w o u ld  b e  h e lp fu l g e n e ra lly .  

P r o d u c t  p e r f o rm a n c e  a n d  e x p e r ie n c e  - b u i ld in g  t r u s t  w i t h  u s e r s
U se r s  re p o r t  a  n e e d  to  b u ild  e x p e r ie n c e  w ith  e n s em b le  fo re c a s t s  to  d e te rm in e  th e ir  u t i lit y  a n d  to  a s s e s s  th e ir  c o n fi d e n c e  in  th e  
p ro d u c t s . 
	 •	 C o n s id e r  m e c h a n ism s  fo r  s h a r in g  th e  p a s t  p e r fo rm a n c e  o f  p ro b a b ilis t ic  fo re c a s t s  to  h e lp  n e w  u s e r s  u n d e r s t a n d  h o w  w e ll 	
		  t h e  fo re c a s t s  h a v e  p e r fo rm e d , th ro u g h  v is u a l a n d /o r  n a r ra t iv e  e x p la n a t io n s . 

	 •	 C o n s id e r  p ro v id in g  lin k s  to  re le v a n t  in fo rm a t io n  a s  p a r t  o f  p ro d u c t  d is s e m in a t io n  w h e re v e r  p o s s ib le . W e  k n o w  th a t  		
		  u n c e r t a in t y  c a u s e s  p e o p le  to  s e e k  a d d it io n a l in fo rm a t io n  to  c o n fi rm  a  fo re c a s t  a n d  to  c o n s id e r  a c t io n s  th e y  s h o u ld  t a k e . 	
		  P ro v id in g  a d d it io n a l in fo rm a t io n  a lo n g  w ith  a n y  u n c e r t a in t y  in fo rm a t io n  w ill h e lp  th e  u s e r  fi n d  s u p p o r t in g  fo re c a s t  		
		  d e t a ils  q u ic k ly  to  in fo rm  th e ir  d e c is io n -m a k in g . F o r  in s t a n c e , w h e n  p re s e n t in g  a  fl o o d  w a tc h  a n d  w a rn in g , lin k s  to  h e lp  	
		  u s e r s  q u ic k ly  fi n d  th e  h y d ro g ra p h  o r  p ro b a b ilis t ic  fo re c a s t  c o u ld  b e  in c lu d e d . S im ila r ly , l in k in g  p re c ip it a t io n  fo re c a s t s  to  	
		  h y d ro lo g ic  fo re c a s t s  w h e n  p o s s ib le  w ill h e lp  u s e r s  q u ic k ly  a s s e s s  th e  s it u a t io n  a n d  u n d e r s t a n d  th e ir  c o n fi d e n c e  in  th e 		
		  fo re c a s t s . 

	 •	 B u ild  in te ra c t iv it y  b e tw e e n  a n d  a c ro s s  p ro d u c t s  to  d ire c t  u s e r s  to  re le v a n t  in fo rm a t io n . N e w  a n d  n o n p ro fe s s io n a l u s e r s  	
		  o f  p ro b a b ilis t ic  fo re c a s t  in fo rm a t io n  w ill o f te n  b e  u n aw a re  o f  h o w  to  fi n d  a d d it io n a l in fo rm a t io n  a n d  th is  in te ra c t iv it y  c a n  	
		  s t re n g th e n  u s e r  u n d e r s t a n d in g  o f  p ro b a b ilis t ic  fo re c a s t s . 

H o w  t o  h a n d le  d iv e r g e n c e  in  e n s e m b le  a n d  d e t e rm in i s t i c  f o r e c a s t s
A s  n o te d  a b o v e , u s e r s  re p o r t  t h e  p o te n t ia l fo r  lo s t  f a ith  in  fo re c a s t s  w h e n  p ro b a b ilis t ic  a n d  d e te rm in is t ic  fo re c a s t s  d iv e rg e , b u t  
th e y  o v e rw h e lm in g ly  in d ic a te  th a t  th e y  w ill lo o k  fo r  m o re  in fo rm a t io n  to  e x p la in  th e  d iv e rg e n c e  in  o rd e r  to  u n d e r s t a n d  a n d  
d e c id e  h o w  to  t a k e  a c t io n .

	 •	 C o n s id e r  m e th o d s  fo r  d ire c t ly  id e n t if y in g  a n d  e x p la in in g  m e a n in g fu l d iv e rg e n c e s  w ith in  p ro d u c t  d is s e m in a t io n  to  a v o id  	
		  c o n fu s io n . S h a r in g  in p u t s  a n d  d r iv e r s  in to  th e  fo re c a s t  c a n  h e lp  e x p la in  w h y  d e te rm in is t ic  fo re c a s t s  m a y  c o m e  to  d iff e r-
		  e n t  o u tc o m e s  th a n  th e  m e d ia n  o f  t h e  p ro b a b ilit ie s . 

	 •	 I f  t h e re  a re  k e y  fa c to r s  in  th e  d e te rm in is t ic  fo re c a s t  t h a t  a re  im p o r t a n t  to  c o n s id e r, a n d  w h ic h  a re  m is s in g  f ro m  th e  		
		  p ro b a b ilis t ic , e x p la in  th e s e  to  th e  a u d ie n c e  th ro u g h  m e c h a n ism s  s u c h  a s  fo re c a s te r ’s  n o te s , fo re c a s t  d is c u s s io n s  o r  
		  e m e rg e n c y  b r ie fi n g s . 

U s e  e m e r g e n c y  b r ie fi n g s  t o  c o n v e y  c o m p le x  in f o rm a t io n  a n d  t o  f o c u s  o n  im p a c t s
A s  th e  am o u n t  a n d  t y p e  o f  a v a ila b le  w e a th e r  in fo rm a t io n  in c re a s e s , u s e r s  c o n s is te n t ly  re q u e s t  in fo rm a t io n  o n  a n t ic ip a te d  im -
p a c t s  a n d  a c t io n s  th e y  s h o u ld  t a k e . F o re c a s t  p ro d u c t s  f re q u e n t ly  d o  n o t  p ro v id e  a n  o u t le t  fo r  t h is  in fo rm a t io n , b u t  e m e rg e n c y  
b r ie fi n g s  c a n  b e  u s e d  to  s h a re  th is  in fo rm a t io n  in  c o n ju n c t io n  w ith  fo re c a s t  p ro d u c t s  to  c re a te  a  ro b u s t , o n e -s to p  lo c a t io n  fo r  
in fo rm a t io n  d u r in g  a n d  p r io r  to  s e v e re  h y d ro lo g ic  e v e n t s  s u c h  a s  fl o o d s  o r  d ro u g h t s . 
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T h e  c h a lle n g e  fo r  b r ie fi n g  d e v e lo p m e n t  is  b a la n c in g  im p o r t a n t  in fo rm a t io n  w ith  b re v it y  w h ile  m e e t in g  th e  n e e d s  o f  d iv e r s e  
u s e r s . P ro fe s s io n a l u s e r s  a re  lo o k in g  fo r  m o re  d e ta ile d  s to rm  in fo rm a t io n  a n d  h y d ro lo g ic  d e ta il a lo n g  w ith  in fo rm a t io n  a b o u t  
im p a c t s . R e s id e n t ia l u s e r s  s u g g e s t  k e e p in g  b r ie fi n g s  s h o r t  to  a v o id  c h a lle n g e s  w ith  d o w n lo a d in g  la rg e  fi le s  o n  th e  in te rn e t , 
n o t in g  th a t  la rg e  1 0  o r  1 2  p a g e  d o c u m e n t s  w o u ld  b e  c u m b e rs o m e  a n d  lik e ly  le f t  u n re a d . 

	 •	 C o n s id e r  d e v e lo p in g  b r ie fi n g s  th a t  p la c e  c r it ic a l im p a c t  in fo rm a t io n  u p  f ro n t  w h ic h  c a n  b e  c o n d e n se d  fo r  b ro a d  d is s e m i-	
		  n a t io n , a n d  w h ic h  in c lu d e  a  lin k  to  lo n g e r, m o re  c o m p le te  v e r s io n s  w ith  a d d it io n a l s to rm  d e ta ils  fo r  p ro fe s s io n a l u s e r s . 

	 •	 I f  p ro b a b ilis t ic  fo re c a s t s  a re  b e in g  d is s e m in a te d  in  a d v a n c e  o f  a n  a c u te  e v e n t , c o n s id e r  u s in g  b r ie fi n g s  to  d e s c r ib e  th e  	
		  p ro d u c t s  a n d  h e lp  in s t ru c t  u s e r s  in  fo llo w in g  th e  d a ta .

A  N o t e  A b o u t  F o r e c a s t e r ’s  N o t e s

P a r t ic ip a n t s  c o n s is te n t ly  re s p o n d e d  fa v o ra b ly  to w a rd  th e  
in c lu s io n  o f  a  s p e c ia l “F o re c a s te r ’s  N o te ” o n  p ro b a b ilis t ic  
fo re c a s t s  th a t  c o u ld  s e r v e  to  p ro v id e  a d d it io n a l in fo rm a t io n  
o r  p ro d u c t  in te rp re t a t io n . S e v e ra l t ie r s  o f  fu n c t io n a lit y  c o u ld  
b e  c o n s id e re d  fo r  t h is  fu n c t io n . T h e  fo re c a s te r ’s  n o te  c o u ld  
b e  a  c u s to m iz a b le  fi e ld  to  b e  c o m p le te d  b y  in d iv id u a l fo re -
c a s te r s  re s p o n d in g  to  d a ta  fo r  a  s p e c ifi c  g a g e  a t  a  m o m e n t  in  
t im e , fo r  in s t a n c e , w h e n  a  s ig n ifi c a n t  r iv e r  e v e n t  w a s  a n t ic i-
p a te d . I t  is  re c o g n iz e d  th a t  c u s to m  m e s s a g e s  c o u ld  b e c o m e  
c u m b e rs o m e  if  a  la rg e  re g io n  h a s  m a n y  g a g e s  a p p ro a c h in g  
o r  in  fl o o d  s t a g e  a t  t h e  s am e  t im e . A n  a lte rn a t iv e  a p p ro a c h  
w o u ld  a llo w  th e  fo re c a s te r ’s  n o te  b o x  to  b e  a u to m a te d , 
fo r  in s t a n c e , w ith  s t a n d a rd iz e d  te x t  a le r t in g  w h e n  s p e c ifi c  
th re sh o ld s  w e re  fo re c a s t  to  b e  re a c h e d .  T h e  fo re c a s te r ’s  
n o te  fi e ld  c o u ld  a ls o  b e  u s e d  a s  a  w a y  to  lin k  to  a n  e x is t in g  
e m e rg e n c y  b r ie fi n g  p a c k a g e , o r  to  b e c o m e  a c t iv a te d  w h e n  a  
F lo o d  Wa tc h  o r  F lo o d  Wa rn in g  is  in  e ff e c t . 

C o n c lu s i o n s  a n d  F u t u r e  R e s e a r c h

Pa r t ic ip a n t s  in  th is  p ro je c t  s u g g e s te d  th a t  p ro b a b ilis t ic  
fo re c a s t s  in t ro d u c e  a  t re m e n d o u s  am o u n t  o f  n e w  in fo rm a -
t io n  in to  a  w e a th e r  e n te rp r is e  th a t  a lre a d y  o ff e r s  m u c h  d a ta  
a n d  m a n y  p ro d u c t s . U s e r s  c a n  b e  q u ic k ly  o v e rw h e lm e d  
b y  in fo rm a t io n  a n d  n o t  k n o w  h o w  to  s o r t  a n d  p r io r it iz e . 
C o n v e r s e ly , la y  u s e r s  m a y  b e  u n aw a re  o f  v a lu a b le  re s o u rc e s  
th a t  a re  a v a ila b le , a n d  if  t h e y  a re  aw a re , m a y  n o t  k n o w  h o w  
to  fi n d  th em  if  lo c a te d  in  a  w e b s ite  th a t  c o n ta in s  a  lo t  o f  
in fo rm a t io n . F u tu re  re s e a rc h  s h o u ld  e x p lo re  p re s e n ta t io n  
a n d  d is s e m in a t io n  s t ra te g ie s  to  h e lp  N W S  d e s ig n  w e b s ite s , 

s o c ia l m e d ia  a n d  o th e r  m e c h a n ism s  to  1 ) a le r t  u s e r s  to  th e  
a v a ila b ilit y  o f  p ro b a b ilis t ic  in fo rm a t io n , 2 ) h e lp  th em  lo c a te  
it  e a s ily , a n d  3 ) to  d ire c t  t h em  to  “s e lf -b r ie fi n g ” in te ra c t iv e  
p la t fo rm s  th a t  w o u ld  le t  u s e r s  s e t  u p  th e ir  o w n  c u s to m iz e d  
d a ta  p a g e s .

R e sp o n d e n t s  a ls o  in d ic a te d  th a t  t im e  s p e n t  “g ro u n d -t ru th -
in g ” th e  p ro d u c t s  w o u ld  b e  h e lp fu l in  d e te rm in in g  th e ir  
c o n fi d e n c e  in  th e  p ro d u c t s . T h e re  a re  m u lt ip le  m e th o d s  b y  
w h ic h  a  p ro b a b ilis t ic  fo re c a s t  c o u ld  s h a re  p a s t  p e r fo rm a n c e , 
fo r  in s t a n c e , s h o w in g  th e  p re v io u s  d a y s  o f  p ro b a b ilit ie s  
a lo n g  w ith  th e  o b s e r v e d  in fo rm a t io n , to  i llu s t ra te  h o w  
c lo s e ly  th e  p ro b a b ilit ie s  m a tc h e d  a c tu a l o u tc o m e s , o r  to  
s h o w  re su lt s  o v e r  a  lo n g e r  p e r io d  o f  t im e , in c lu d in g  s e a so n a l 
re s u lt s . B u t  s u c h  a p p ro a c h e s  r is k  c re a t in g  n e w  c o n fu s io n  
fo r  u s e r s  a n d  s h o u ld  b e  s tu d ie d  to  id e n t if y  t h e  b e s t  w a y s  to  
s h a re  th is  in fo rm a t io n  c le a r ly .  

F u r th e r  s tu d y  in to  re g io n a l n e e d s  m a y  a ls o  id e n t if y  t h e  
lim it a t io n s  o f  re ly in g  s o le ly  o n  a  n a t io n a l p ro d u c t , a n d  m a y  
e lu c id a te  w a y s  in  w h ic h  a  n a t io n a l p ro d u c t  c a n  b e  s u c c e s s -
fu lly  m o d ifi e d  b y  re g io n s  to  m e e t  th e  s p e c ifi c  n e e d s  o f  t h e ir  
lo c a l a u d ie n c e s . R e s e a rc h  c a n  e x am in e  w h e th e r  a  n a t io n a l 
p ro d u c t  s h o u ld  b e  c o m b in e d  w ith  a  re g io n a l v a r ia n t , o r  
o th e rw is e  a u gm e n te d  w ith  re g io n a l in fo rm a t io n , to  c o m -
m u n ic a te  r is k . Te s t in g  in  o th e r  re g io n s  c o u ld  b e  u s e fu l in  
u n d e r s t a n d in g  th e  a d v a n ta g e s  a n d  h u rd le s  a s s o c ia te d  w ith  
a  c o m b in e d  p re s e n ta t io n  a s  w e ll a s  re v e a lin g  fu r th e r  k in d s  o f  
re g io n a l d is t in c t io n s  a n d  n e e d s .  
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A p p e n d i x  B .

F o c u s  G r o u p  Q u e s t io n s /P r o t o c o l
N o te : O n ly  o n e  lo c a t io n  is  s h o w n  a s  a n  e x am p le
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Eureka, California Focus Groups, Round 2
Residential audiences
November 4th, 6 p.m.

HIGH FLOW SCENARIO

Day T-5 – January 13th Wet Weather Patterns Return

Forecast Summary:

After a brief dry period, wet weather will return to northwest California for the next 
several days. An approaching storm system will bring multiple inches of rain to the 
region through this weekend and into early next week. Persistent rainfall will cause rapid 
rises on mainstem rivers but there are no flooding concerns at this time. Temperatures 
will be in the 40s and 50s across Humboldt County with no impacts from snow 
expected. Folks should use the forecast to make travel plans and avoid commuting 
during the heaviest rainfall.

Facilitator: Move through all 5 days of QPF

Explain to group: We’ll see a total of about 3 inches of rain in the next few days 
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Questions:

Have you seen this graphic, or one like it before?

What does this graphic suggest to you?

What are you thinking about your situation?

What actions would you be taking?

Are you talking to anyone?

Are the three time periods useful? Make sense?  Near Term and Extended Guidance 
terminology?
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Questions:

What does this product tell you? 

How might you use it?

Let’s talk about ensemble and deterministic – what do those words mean to you? 
How helpful is it to have both on the same graphic? On Jan 15th – the deterministic 
is higher than the median – does this concern you?  Would you have less confidence 
in either forecast?

Would you share this with others? 

How confident are you in this forecast at this point? 

Ask about Peak Flow – useful?  Toggle with separate graphs or together on one?

-------------------------------------------------------------------------------------------------------
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Day T-4 January 14th Wet Weather Patterns continue over the next 7 days

Update:

Wet weather conditions remain on track through the weekend, but it looks 
like potentially heavy rainfall will directly impact northwest California 
Sunday through early Monday morning. This change in rainfall could result 
in minor river flooding and greater flood impacts around small streams and 
urban areas. We are confident in wet weather but there is still some 
uncertainty in the details related to timing and intensity of the rainfall. 
Please stay tuned to the forecast. 

Show Observed Precipitation only.  

Comment:  So far, about .31” has fallen since yesterday.
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Questions: 

OK, here is this hydrograph again. 

How do you see your situation now?  Does this change anything for you? 

What preparations are you taking now? 

Day T-3 – January 15th Heavy Rain and Flooding Early Next Week

A significant storm system will bring rain to northwest California through next week with 
the heaviest rain expected on Sunday.

Moderate confidence for rainfall 

Moderate confidence for flooding 

Impacts
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• Mud/rock slides
• Small stream flooding & pond in areas of poor drainage
• Minor river flooding on the Van Duzen 

o Grizzly Creek State Park

o River Bar Road

Go through QPF Day 3 up to T
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Questions: 

And again, a new hydrograph

How do you see your situation now?  Does this change anything for you? 

What preparations are you taking now? 

Note: Additional of Forecaster’s Note – useful?
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Questions: 

Note addition of right side box with 5-Day Chance of River Level 
Exceedance – useful?  Do they understand what it is saying?

New forecaster’s note added here too.

How do you understand the situation now? 

Does this change your understanding of your risk? How?

Are you taking preparations based on this graphic? If so, what? If not, 
why not?

Does this change your confidence level compared to the previous one? 
How? For better or for worse?  Why? 
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Would you share this with anyone? 

Would you be confident enough in the information at this stage to take 
action? If not, what more do you need? If so, why – on what are you basing 
your confidence?  

---------------------------------------------------------------------------------------------------

Day T-2 – January 16th Heavy Rain and Flooding Early Next Week

Northwest California is still on track to observe heavy rain on Sunday but there is 
uncertainty in where exactly the heaviest rain will impact. This uncertainty means the 
difference between minor flooding or no flooding on the Van Duzen River. Nevertheless, 
we are still confident in widespread, heavy rain across northwest California that could 
cause some small stream flooding. Stay tuned to the forecast for any flood concerns. 
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Questions:

Anything new here? 

What other information are you looking for right now?  

How confident are you at this point in the forecast?

Day T-1 January 17th Heavy Rain and Flooding

The forecast is on track for heavy rain on Sunday that will result in river 
flooding and small stream flooding across the region. 

Moderate confidence for rainfall 
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Impacts

• Minor flooding of Highway 36 near Grizzly Creek State Park and in 
lower portions of the State Park itself. 

• Moderate flooding of River Bar Road in the Starvation Flats area.
• Mud/rock slides
• Small stream flooding & ponding in areas of poor drainage

Show QPF 5

Comment - .8 inches still to come
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Questions: 

What is this product telling you now? 

What are you doing in response? 

Are you seeking out more information?
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Questions:

What is this product telling you now? 

What are you doing in response? 

Are you seeking out more information?
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Questions:

NEW LEGEND – least likely to most likely language – is this preferred 
over the previous percentages only legend?

Interactive 

https://dbo99.shinyapps.io/thresholdevent_jan16/ 

Is this useful? Would you use this? 

 

 

 

https://dbo99.shinyapps.io/thresholdevent_jan16/
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ADDITIONAL ITEMS FOR DISCUSSION IF NEEDED 

Deterministic 

 

Ensemble
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Eureka, California Focus Groups, Round 2
Water Resource Professionals

November 4th, 10 am

HIGH FLOW SCENARIO

Day T-5 – January 13th Wet Weather Patterns Return

Forecast Summary:

After a brief dry period, wet weather will return to northwest California for the next 
several days. An approaching storm system will bring multiple inches of rain to the 
region through this weekend and into early next week. Persistent rainfall will cause rapid 
rises on mainstem rivers but there are no flooding concerns at this time. Temperatures 
will be in the 40s and 50s across Humboldt County with no impacts from snow 
expected. Folks should use the forecast to make travel plans and avoid commuting 
during the heaviest rainfall.

Facilitator: Move through all 5 days of QPF

Explain to group: We’ll see a total of about 3 inches of rain in the next few days 
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Questions:

Have you seen this graphic, or one like it before?

What does this graphic suggest to you?

What are you thinking about your situation?

What actions would you be taking?

Are you talking to anyone?

Are the three time periods useful? Make sense?  Near Term and Extended Guidance 
terminology?



Making Sense of Uncertainty: Improving the Use of Hydrologic Probabilistic Information in Decision-Making
Nurture Nature Center/East Carolina University, 2020

66

Questions:

What does this product tell you? 

How might you use it?

Let’s talk about ensemble and deterministic – what do those words mean to you? 
How helpful is it to have both on the same graphic?  On Jan 15th – the deterministic 
is higher than the median – does this concern you?  Would you have less confidence 
in either forecast?

Would you share this with others? 

How confident are you in this forecast at this point? 

Ask about Peak Flow – useful?  Toggle with separate graphs or together on one?

-------------------------------------------------------------------------------------------------------
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Day T-4 January 14th Wet Weather Patterns continue over the next 7 days

Update:

Wet weather conditions remain on track through the weekend, but it looks 
like potentially heavy rainfall will directly impact northwest California 
Sunday through early Monday morning. This change in rainfall could result 
in minor river flooding and greater flood impacts around small streams and 
urban areas. We are confident in wet weather but there is still some 
uncertainty in the details related to timing and intensity of the rainfall. 
Please stay tuned to the forecast. 

Show Observed Precipitation only.

Comment:  So far, about .31” has fallen since yesterday.
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Questions: 

OK, here is this hydrograph again. 

How do you see your situation now?  Does this change anything for you? 

What preparations are you taking now? 

Day T-3 – January 15th Heavy Rain and Flooding Early Next Week

A significant storm system will bring rain to northwest California through next week with 
the heaviest rain expected on Sunday.

Moderate confidence for rainfall 

Moderate confidence for flooding 

Impacts



Making Sense of Uncertainty: Improving the Use of Hydrologic Probabilistic Information in Decision-Making
Nurture Nature Center/East Carolina University, 2020

69

• Mud/rock slides
• Small stream flooding & pond in areas of poor drainage
• Minor river flooding on the Van Duzen 

o Grizzly Creek State Park

o River Bar Road

Go through QPF Day 3 up to T
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Questions: 

And again, a new hydrograph

How do you see your situation now?  Does this change anything for you? 

What preparations are you taking now? 

Note: Additional of Forecaster’s Note – useful?
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Questions: 

Note addition of right side box with 5-Day Chance of River Level 
Exceedance – useful?  Do they understand what it is saying?

New forecaster’s note added here too.

How do you understand the situation now? 

Does this change your understanding of your risk? How?

Are you taking preparations based on this graphic? If so, what?  If not, 
why not?

Does this change your confidence level compared to the previous one? 
How? For better or for worse?  Why? 
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Would you share this with anyone? 

Would you be confident enough in the information at this stage to take 
action? If not, what more do you need? If so, why – on what are you basing 
your confidence?  

---------------------------------------------------------------------------------------------------

Day T-2 – January 16th Heavy Rain and Flooding Early Next Week

Northwest California is still on track to observe heavy rain on Sunday but there is 
uncertainty in where exactly the heaviest rain will impact. This uncertainty means the 
difference between minor flooding or no flooding on the Van Duzen River. Nevertheless,
we are still confident in widespread, heavy rain across northwest California that could 
cause some small stream flooding. Stay tuned to the forecast for any flood concerns. 
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Questions:

Anything new here? 

What other information are you looking for right now?  

How confident are you at this point in the forecast?  

Day T-1 January 17th Heavy Rain and Flooding

The forecast is on track for heavy rain on Sunday that will result in river 
flooding and small stream flooding across the region. 

Moderate confidence for rainfall 
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Impacts

• Minor flooding of Highway 36 near Grizzly Creek State Park and in 
lower portions of the State Park itself. 

• Moderate flooding of River Bar Road in the Starvation Flats area.
• Mud/rock slides
• Small stream flooding & ponding in areas of poor drainage

Show QPF 5

Comment - .8 inches still to come
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Questions: 

What is this product telling you now? 

What are you doing in response? 

Are you seeking out more information?
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Questions:

What is this product telling you now? 

What are you doing in response? 

Are you seeking out more information?
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Questions:

NEW LEGEND – least likely to most likely language – is this preferred 
over the previous percentages only legend?
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LOW FLOW SCENARIO

T-5 October 19th

Observed plus QPF for each day.
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This is the 5-Day Peak Flow Probabilities Product – Useful?  Separate or 
together on the same graph with levels?

Right box Peak Flow Exceedance useful?

-------------------------------------------------------------------------------------------------------

Day T-4 October 20th

The forecast looks on track for rain impacting northwest California early this 
week but weather models shifted the storm track farther south for Thursday 
and Friday. As a result, an additional 2 to 3 inches of rain is expected late 
in the work week. The first round of rain will have little to no impacts on 
rivers but the second round of rain will cause mainstem rivers to rise more 



Making Sense of Uncertainty: Improving the Use of Hydrologic Probabilistic Information in Decision-Making
Nurture Nature Center/East Carolina University, 2020

81

significantly on Thursday and reach nearly 1000 cfs. These high discharges 
could impact temporary bridges set up for low flow during the summer 
months. 
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Day T-3 October 21st

Observed plus QPF for 3 days leading to T.
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Day T-2 October 22nd

Despite some subtle changes in rainfall totals, the weather forecast looks 
on track for additional rain starting Thursday through the weekend. This will 
cause rapid rises on mainstem rivers on Thursday with a secondary river 
rise over the weekend. No river flooding is expected but temporary low-flow 
bridges could be impacted. 
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Day T-1 October 23rd

Show observed and QPF 1 
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Interactive 

https://dbo99.shinyapps.io/thresholdevent_jan16/ 

Is this useful? 

https://dbo99.shinyapps.io/thresholdevent_jan16/
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Background Explanations   

Deterministic 

 

Ensemble 
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A p p e n d i x  C .

S u r v e y  I n s t r u m e n t s  f o r  F o c u s  G r o u p

       P re -S e s s io n  S u r v e y

	 P o s t -S e s s io n  S u r v e y  (n o te  th a t  th e s e  w e re  c u s to m iz e d  fo r  e a c h  lo c a t io n , b u t  o n ly  o n e  is  s h o w n  a s  a n  e x am p le )
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1.

2.

3.

Mark only one oval.

Yes

No

Unsure

Pre-Session Survey (Residents)
Thank you for participating in this focus group.  Please take a few minutes to answer some 
questions before we get started.
* Required

1. How did you learn about this focus group? *

2. What was your reason for attending? *

3. Do you live in a floodplain?
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1.

Mark only one oval per row.

2.

Post-Session Survey (Residents)
* Required

1. Please rate your agreement with the following statements about the forum. *

Strongly
Agree

Agree Disagree
Strongly
Disagree

The information was clearly presented.

I felt comfortable voicing my opinion.

I know more about the National
Weather Service (NWS) resources.

I feel I could use NWS resources to
judge my risk in an extreme weather
event.

I understand the difference between
probabilistic and deterministic forecast
products.

The information was clearly presented.

I felt comfortable voicing my opinion.

I know more about the National
Weather Service (NWS) resources.

I feel I could use NWS resources to
judge my risk in an extreme weather
event.

I understand the difference between
probabilistic and deterministic forecast
products.

2. What is the biggest barrier you face in using NWS flood forecast and warning
products? *
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A p p e n d i x  D .

R o u n d  3  O n l in e  S u r v e y
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A p p e n d i x  E .

D e m o g r a p h ic s  a n d  F lo o d  C h a r a c t e r i s t i c s  o f  P a r t i c ip a n t s
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