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FLOOD i FREQUENCY IN ALASKA 

By Joseph M. Chi lders  

I 

ABSTRACT 

Records o f  peak discharge a t  183 site's were used t o  s tudy 

f lood frequency i n  Alaska. The v a s t  size o f  Alaska, i t s  great  

ranges of physiography, and the  lack of d a t a  for much of t h e  
S t a t e  precluded a  comprehensive ana lys i s  of a l l  f lood determi- 
nants .  Peak stream discharges ,  where gaging-s ta t ion  records 
were a v a i l a b l e ,  were analyzed f o r  2-year,  5-year,  10-year ,  - 
25-year, and Sodyear average-recurrence i n t e r v a l s .  A r eg iona l  

analysis  of t h e  f lood c h a r a c t e r i s t i c s  by mul t ip le- regress ion  
methods gave a s e t  o f  equations t h a t  can be used t o  es t imate  
f loods of  s e l e c t e d  recurrence i n t e r v a l s  up t o  50 years f o r  any 
s i t e  on any stream i n  Alaska. The equations r e l a t e  f loods t o  

drainage-bas i n  c h a r a c t e r i s t i c s .  The s tudy ind ica tes  t h a t  i n  
Alaska the  SO-year f lood can be est imated from 10-year gaging- 
s t a t i o n  records with a  s tandard error  of 2 2  percent  whereas t h e  
50-year f l o o d  can.be est imated from the  regress ion  equation 
with a  s tandard e r r o r  of 53 percent .  Also, maximum known 
floods a t  more than 500 gaging s t a t i o n s  and misceLlaneous si'tes 

i n  Alaskk were r e l a t e d  t o  drainage-area s i z e .  An envelope 
curve of SO0 cubic feet per  second per square mile covered a l l  
but  2 floods i n  the State. 



DEFINITIONS - 

Annual peak d i scha rge :  t h e  h i g h e s t  i n s t an t aneous  peak 
d i scha rge  a t  a s t ream s i t e  during a y e a r .  I n -  t h i s  r e p o r t ,  a  
y e a r  i s  t h e  wate r  y e a r ,  from October 1 t o  September 30 of t h e  
i n d i  ca t ed  year.  

Recurrence i n t e r v a l  ( r e t u r n  per iod)  : t h e  average i n t e r v a l  
of  time w i t h i n  which t h e  given f l o o d  w i l l  be exceeded once. 

Bas in  physical  and c l i m a t i c  characteris tics used i n  t h i s  
r e p o r t  inc lude  : 

Area of g l a c i e r s  [G) in percen tage  of d ra inage  a r e a ,  
Area of lakes and ponds ( S T )  i n  percen tage  o f  d r a i n -  

.. age a r e a ,  
Drainage a r e a  (A)  i n  square  m i l e s ,  i s  t h e  t o t a l  

drainage area upstream from the  s t ream s i t e . a n d  f o r  
gaging s t a t i o n s  is that shown i n  t h e  l a t e s t  publ i shed  
U.S. .  Geological  Survey o r  Canadian Water Survey r e p o r t s .  

Main-channel s l o p e  (S) i s  t h e  average s l o p e  b e t w ~ e n  
p o i n t s  1 0  pe rcen t  and 85 pe rcen t  of t h e  d i s t a n c e  from t h e  

gaging site t o  the  b a s i n  d i v i d e  ( s t ream l e n g t h ) ,  
Mean annual  p r e c i p i t a t i o n  (P) i n  i nches ,  a s  deter- 

mined from U.S.  Weather Bureau p u b l i c a t i o n ,  "Climate of 
Alaska." 

Mean b a s i n  e l e v a t i o n  (E)  i n  thousands o f  f e e t  above 
sea l e v e l .  

P r e c i p i t a t i o n  i n t e n s i t y  ( I ) ,  i n  i nches ,  i s  t h e  maxi- 
mum r a i n f a i l  expected i n  2 4  hours  each 2 y e a r s  as d e t e r -  
mined from U.S. Weather Bureau Technical Pager 49.  

Stream l eng th  (L)  i s  the  l e n g t h  o f  t h e  main channel  
between t h e  gaging s t a t i o n  and t h e  basin d i v i d e  measured 
along the channel  that drains the l a r g e s t  basin. 
Channel hydraul ics :  t h e  mechanics o f  r e f a t i o n  between 

channel  geometry (width,  dep th ,  s l o p e ,  and roughness) , stage ,  

and discharge. 



Downstream o rde r :  gaging s t a t i o n s  are  listed i n  t h e  same 
downstream o r d e r  used i n  U.S . Geological Survey Water-Supply 
Papers .  Records a r e  l i s t e d  i n  a  downstream o r d e r  a long t h e  
mainstream, and s t a t i o n s  on t r i b u t a r i e s  a r e  l i s t e d  between 
s t a t i o n s  on t h e  mainstream i n  the  o r d e r  i n  which t h o s e  t r i b u -  
t a r i e s  e n t e f  t h e  mains'tream.. S t a t i o n s  on t r i b u t a r i e s  e n t e r i n g  
above a l l  mainstream s t a t i o n s  a r e  l i s t e d  b e f o r e  t h e  first 
mainstream s t a t i o n .  S t a t i o n s  on t r i b u t a r i e s  t o  t r i b u t a r i e s  
are listed i n  a s i m i l a r  manner. 

Each complete record  s t a t i o n  and peak r eco rd  s t a t i o n  has  
been a s s igned  a s t a t i o n  number. Numbers increase i n  the  down- 
s t ream d i r e c t i o n .  Numbers a r e  n o t  consecu t ive  s o  t h a t  i n t e r -  
vening numbers may be  a s s igned  t o  new s t a t i o n s  as they  a r e  
e s t a b l i s h e d .  

The gene ra l  arrangement w i t h i n  Alaska i s  as f o l l o ~ v s  : 
Mainland streams between t h e  ~ l a s k a - ~ r - i t i s h  Columbia 

bo rde r  and longi tude  141 '  .' 
I s l a n d  s t reams e a s t  of l ong i tude  141'. L i s t i n g  i s  s o u t h  

t o  no r th  and counter-c lockwise  around each i s l a n d  s t a r t i n g  a t  
t h e  wes tern-mos t p o i n t .  

Streams t r i b u t a r y  t o  t h e  Pacific Ocean between long i tude  
141 '  and t h e  western t i p  of  t h e  Alaska Pen insu l a .  . 

The Aleu t i an  I s l a n d s .  

Streams t r i b u t a r y  t o  t he  Ber ing Sea and t h e  A r c t i c  Ocean 
ending a t  t h e  Alaska-Yukon. bor der .  

. The maps and t a b l e s  i n  t h i s  r e p o r t  a re  keyed t o  t h e  
p r o v i s i o n a l  map of the sub reg iona l  breakdown o f .  t h e  S t a t e  by 
t h e  u.s.' Water Resources counc i l .  . 

Flood: Any streamflow over topping  t h e  n a t u r a l  o r  a r t i -  
f i c i a l  banks i n  any reach  of a s t ream.  I n  t h i s  r e p o r t ,  t h e  
h i g h e s t  d i s cha rge  each y e a r  is t h e  annual  f l ood .  

Flood-crest p r o f i l e :  a graph of  f l o o d - c r e s t  e l e v a t i o n s  
a long a r i v e r  i n  f l o o d ,  p l o t t e d  a s  o r d i n a t e ,  against d i s t a n c e ,  
measured i n  t he  upstream d i r e c t i o n ,  p l q t t e d  as a b s c i s s a .  

Flood-discharge r a t e :  t h e  d i s cha rge  p e r  u n i t  a r e a ,  i n  

cub ic  f e e t  pe r  second p e r  squa re  mi le  (cfs p e r  squa re  mile) .  



Gaging s t a t i o n :  a s i t e  on a s t ream where s y s t e m a t i c  
obse rva t ions  of gage h e i g h t  and d i s cha rge  a r e  ob t a ined .  

Stream d i scha rge :  t h e  flow of  a stream p a s t  a c r o s s  
s e c t i o n  of  t h e  s t ream.  In  t h i s  r e p o r t ,  d ischarge i s  considered 
t o  be  a time r a t e  of volume f low and is  measured i n  c u b i c  f e e t  
per  second ( c f s ) ;  

Stream i e i n g :  t he  growth of i ce  i n  a s t r eam channel  
during winter .  Stream i c i n g  is s p e c t a c u l a r l y  l a rge  i n  much 

o f  Alaska and o f t e n  complete ly  f i l l s  t h e  channe l s ,  c r e a t i n g  
more of  a f l o o d  hazard than  open-channel ,  peak-d i scharge  

f l ood ing .  
Stream s t a E :  t h e  height sf t h e  w a t e r  surface above an 

e s t a b l i s h e d  datum p lane .  

INTRODUCTION 

Economic design of structures along s t reams  r e q u i r e s  an 
e v a l u a t i o n  of f l o o d  hazards .  Hazards i n c l u d e  qverbank inunda- 

t i o n ,  channel  e r o s i o n  and d e p o s i t i o n ,  and d e s t r u c t i o n  from . . 

s t ream velocity o r  p r e s s u r e .  The hazards  can be  r e l a t e d  t o  

s t ream s t age  o r  d i s c h a r g e .  The c r i t i c a l  s t a g e  o r  d i s c h a r g e  i s  
g e n e r a l l y  t h e  i n s t an t aneous  maximum o r  peak va lue :  Peak d i s -  
charges a re  r e l a t e d  t o  peak s t a g e s  and velocities by channel  
hyd rau l i c s  s o  t h a t  f l o o d - c r e s t  p r o f i l e s ,  inundated areas,  and 
c u r r e n t  v e l o c i t i e s  can be  eva lua t ed ,  except  when i c m o r  d e b r i s  . 

jams and stream i e i n g  a r e  p r e s e n t .  Thus ,  the peak d i s cha rge  
i s  a very  u s e f u l  measure of f l o o d  magnitude. 

The magnitude and frequency of peak d i s cha rges  i n  Alaska 
and the  adjacent area o f  Canada t h a t  d r a i n s  i n t o  Alaska are 
described in this r e p o r t .  Peak discharges a r e  t a b u l a t e d  for 
2-year ,  5- y e a r ,  10-year ,  25-year,  and 50-year ave rage - r ecu r -  
rence  i n t e r v a l s  f o r  those  sites where peak-d i scharge  r eco rds  
a r e  long enough t o  justify such e v a l u a t i o n .  Results of a 

r eg iona l  frequency ana. lys is  are desc r ibed .  A method f o r  e s t i -  
mating f l o o d  magnitudes of selected f r equenc i e s  f o r  most sites 

i n  Alaska i s  presen ted .  ~axirnum known peak d i s c h a r g e s  a r e  
t a b u l a t e d  f o ~  many Alaskan ar.d Canadian l o c a t i o n s .  



This r e p o r t  was prepared i n  t h e  Alaska D i s t r i c t  of the 

Water Resources D iv i s ion ,  U . S .  Geological  Survey under the  
d i r e c t i o n  of Harry Huls ing,  d i s t r i c t  chief. I t  i s  based on 

I 

data c o l l e c t e d  a t  Alaskan s i t e s  by t h e  Geolog ica l  Survey i n  . .  . 

coopera t ion  w i th  s e v e r a l  Fede ra l ,  S t a t e ,  and l o c a l  agenc i e s ,  
and a t  Canadian s i t e s  by t h e  Water Survey of Canada. 

GEOGRAPHY RELATION FLOODS 

The a r e a  of Alaska is  approximately  586,000 squa re  m i l e s ,  
b u t  t h e  s t reams f lowing from Alaska d r a i n  about 730,000 square  

miles,  p a r t l y  i n  Canada. The di\ ;erse physiography of the  S t a t e  
e f f e c t s  g rea t  v a r i a t i o n s  i n  s t reamf low-f lood  characteristics. 
Most o f  Alaska i s  mountainous o r  h i l l y  a l though lowlands and 

p l a i n s  20 t o  1 0 0  mi les  wide abound. The mountains g e n e r a l l y  
r e c e i v e  more p r e c i p i t a t i o n  t han  t h e  lowlands and p l a i n s .  Also, 
t hb  rainfall o r  .snowmelt from t h e  mountains runs  off f a s t e r  
than that from t h e  lowlands and p l a i n s ,  r e s u l t i n g  i n  h i g h e r  
' f lood-discharge-  r a t e s .  i n  t h e  mountains. . 

Along t h e  P a c i f i c  Ocean, t h e  P a c i f i c  Mountain System 
(Wahrhaft ig,  1965)  forms a b a r r i e r  t o  t h e  f low of  mois t  a i r  
from t h e  ocean. I t s  rugged c o a s t a l  s l o p e s  r e c e i v e  l a rge  

volumes of p r e c i p i t a t i o n  t h a t  run off r a p i d l y ,  causing Alaska ' s  
h i g h e s t  known f lood -d i scha rge  rates .  Temperatures a re  mi ld  and 
floods can occur even i n  w i n t e r  when combined snowmelt and 
r a i n f a l l . o c c a s i o n a l l y  produce e x c e p t i o n a l l y  large floods. The 
few c o a s t a l  lowlands o r  low p l a t e a u s  a long  the Pacific C o a s t  

have r e l a t i v e l y  low f lood -d i scha rge  r a t e s  . 
North of  t h e  P a c i f i c  Mountain System a r e  numerous mountain 

ranges  s epa ra t ed  by l a r g e  r i v e r - v a l l e y  lowlands,  p l a t e a u s ,  and 
large coasta l  lowlands, The p r e c i p i t a t i o n  i n  t h i s  area of . '  
Alaska is  much l e s s  than i n  t h e  P a c i f i c  Mountain System, and 
f l ood -d i scha rge  r a t e s  a r e  much lower. 

I n  i n t e r i o r  Alaska and throughout  t h e  d ra inage  systems 

t h a t  f low i n t o  the A r c t i c  Ocean, t h e  long c o l d  w i n t e r s  cause  
e x t e n s i v e  f r e e z i n g .  Rapid warming i n  t h e  s p r i n g  (May o r  June) 
causes  t h e  snowmelt t o  overflow f rozen  o r  ice-jammed channels  



i n  s p e c t a c u l a r  s p r i n g  breakup f loods . Continuous pe rmaf ros t  
i n  i n t e r i o r  Alaska p reven t s  r a i n f a l l  from ' i n f i l t r a t i n g ;  
therefore, a l a r g e  percen tage  of  the r a i n f a l l  du r ing  larger 
s torms becomes f l o o d  runo f f .  

Na tu ra l  glaeier-dammed l akes  form i n  many p l a c e s  i n  Alaska 
e s p e c i a l l y  i n  t h e  P a c i f i c  Mountain System. These l a k e s  occa- 
s i o n a l l y  ''break out" caus ing  s p e c t a c u l a r  f l o o d s  t h a t  have very  
high  peak-discharges  , 

Man's a c t i v i t i e s  have c o n t r i b u t e d  very  l i t t l e  t o  aggra-  
v a t i n g  f l o o d  hasa rhs  i n  Alaska.  Some communities occupy f l o o d  
p l a i n s  and consequent ly  have a p o t e n t i a l  f o r  heavy flood damage. 
Roads and o t h e r  s t r u c t u r e s  have been b u i l t  and a r e  be ing  

pf anned a long s t ream channels  where f food haza rds  e x i s t .  

FLOOD- FREQUENCY RECORnS . 

A l l  annual  peak-discharge r eco rds  a t '  l e a s t  5 yea r s  i n  
d u r a t i o n  f o r  s t a t i o n s  on un regu la t ed  Alaskan. s t reams  o r  on,.. 
Canadian s t reams f lowing i n t o  ~ l & k a .  were used i n  :the analysis 
of f l o o d  frequency.  The r eco rds  were n o t  a d j u s t e d  t o  a common 
base pe r iod .  Flood-frequency curves  were determined f o r  each 
gaging s t a t i o n  us ing a l l  t h e  r eco rds  a v a i l a b l e  a s  of  S-eptember 
30, 1968 .  The Log Pearson ~~~e 111 f lood- f requency  method 
(Water Resources Counci l ,  1968) was used in the a n a l y s i s .  
Curves def ined  i n  t h i s  a n a l y s i s  a r e  a v a i l a b l e  f o r  review i n  
the  Geolog ica l  Survey D i s t r i c t  Office, Water Resources D iv i s ion ,  
..in Anchorage, Alaska.  Table 1 shows t h e  f l o o d  d i s cha rges  f o r  

2 -year ,  5 -yea r ,  l 0 - y e a r ,  25-year ,  and 50-year average- recur rence  
i n t e r v a l s  f o r  t h e  g a g i n g - s t a t i o n  r eco rds  analyzed. 

Flood discharges f o r  r ecu r r ence  i n t e r v a l s  of up t o  about 
twice  t h e  l e n g t h  o f , f l o o d - p e a k  r eco rd  i n  y e a r s  a r e  shown.' For 

example, i f  a s t a t i o n  has 11 y e a r s  of  r eco rd ,  t h e  25-year flood 

is shown bu t  n o t  the  50-year f l ood .  Only 24  gaging s t a t i o n s  
have r eco rds  as long as t h e  20 y e a r s  o r  more needed f o r  eva lu -  
a t i n g  a SO-year f l o o d  magnitude. 







Table 1.--Gaging-station characteristics--concluded. 

Statton 
no. 

1s-oz4a.m 
241.00 
164.00 
24S.00 
246.00 

247.00 
410.00 
411.00 
12W.00 
1mt.00 

1205.00 
3045. Z0 
JM5.SO 
3046.00 
3046.50 

SO47.W 
3057.SO 
3048 .OO 
SO 18.50 
3049.20 

9049.50 
SOSO.00 
1OSO.30 
3050.50 
JOSt.00 

3OS1.50 
lOSZ.00 
3052.50 
1052.b0 
3053.00 

3051.50 
3053.80 
3054.00 
3054.10 
SOS4.50 

5055.00 
SOS5.00 
1016.20 
3056.50 
SO16 70 

M57.00 
3889.80 

h 

1.~60 
7.300 
616 

1.360 
ll.100 

3,610 
770 

6.000 
1.620 
4 

3.200 
650 
260 

2.120 
104 

289 
566 
82 
337 
SL 

S87 
7,500 
1.570 
2.640 
lf.000 

1.280 
737 

Il.?OG 
13,fOO 
1,640 

SJ.600 
2,1100 
7.b70 
19.700 
5H.400 

:.SO0 
13.100 
1 5  SO0 
14,700 
S.3W 

100.000 
20,900 

S 

41 
S.6 
65 
tll 
15.5 

22.7 
6 9  
15.6 
I .  
St 

10.1 
18 
32.3 

7.5 
67 

89 
18 
230 
SO 
140 

47 
.4 

14.3 
10.6 

.7 

24.5 
7.8 
6.3 
4.6 
7.5 

1.8 
10.1 
0.5 
5.9 
2.0. 

66 
7.8 
6.5 
4.9 
2.0 

2.1 
5.3 

L 

n 
1 
49 
9U 
224 

140 
5 1  
155 
106 
27 

150 
39 
31 
70 
24 

3 1  
42 
18 
40 
12.9 

:6 
184 
75 
I07 
252 

61 
.49 
I80 
27b 
LIZ 

364 
141 
1 1  
540 
S I U  

107 
276 
3UB 
420 
547 

603 
304 

S t  

o 
0 
0 

0 

I 
2 
1 
4 
1 

5 
4 
27 
9 
5 

5 
6 
5 
0 
0 

1 
7 
6 
4 
6 

1 
5 
3 
2 
2 

4 
3 
L 
I 
1 

7 
1 
1 
1 
2 

2 
I 

E 

4.80 
4.30 
1.90 

13.80 
4.10 

3.10 
4.10 
3.80 
4.10 
4.10 

3.80 
3.;0 
4.40 
J.50 
4-40 

4.60 
4.00 
S.90 
4.50 
1.W 

1.50 
5.80 
1.60 
J.40 
1.80 

4.30 
4.00 
J.BO 
S.UO 
4 1  

4.00 
5.110 
1.90 
3.70 
3.80 

3.00 
4.10 
5.90 
3.60 
4.00 

5.80 
1.80 

G 

2 
0 
0 
0 
0 

6 
45 

4 
0 
0 

0 
0 
0 
6 
10 

16 
1 
9 
0 
0 

0 
5 
9 
3 
4 

0 
0 
0 
0 
0 

1 
0 
0 
0 
1 

I2 
0 
0 
0 
2 

2 
0 

P 

18 
I6 
16 
13 
20 

sa 
20 
20 
12 
I2 

1L 
12 
16 
16 
20 

20 
12 
10 
12 
12 

12 
12 
I1 

1: 1- 

I4 
12 
11 
IS 
16 

I2 
17 
Ib 
I7 
11 

lb 
14 
I4 
I3 
IS 

IS 
9 

W A  

I .  
1.0 
1.0 
1.0 
1.1 

2.s 
1.5 
3 
1.0 
L.0 

1.0 
1.0 
1.0 
1.0 
1.S 

1.5 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.2 

1.1 
1.0 

Qs 

17.9~ 
79.900 
5,SOO 
70.400 
112.0W 

*r.luo 
2.870 
13,uoO 
3.530 
1.990 

8,2110 
4bQ 
bba 

9.060 
1.*30 

4.550 
2.bd0 
2,350 
2.000 

66 

2.750 
20.500 
9.040 
10,ZOO ' 
27.100 

II.300 
2.520 
JS.000 
53.400 
14.900 

87,400 
2U.800 
59.800 
lII~1.000 
IB9,DW 

1l).?b0 
107,000 
118,000 
128.000 
358,000 

J3I.000 
'19b.000 

~s.eoo 
3S.hOO . 4,:hO 
lS.~00 
9J.400 

tz.mo 
2.110 
50.8110 
2.520 
1.620 

6.270 
317 
530 

7.930 
1.230 

7 
2.180 
1,750 
1.570 

bS 

1,BSO 
18.100 
7.520 
Il.010 
24.9UO 

8.120 
1.8BO - 
17.SOO 
41.700 
9.794 

66.800 
16.700 
58,200 
fl.lUO 
145.OUO 

8.270 
10.700 
90.500 
15.41 
267.000 

2SS.000 
171,OJO 

92, QsO 

rs.100 
ai.400 
b.440 
23,320 
121.000 

9 2 , s ~  
3,480 
70.4UO 
4,170 
2.220 

1.110 
$64 
131 

1.680 
1.760 

5,270 
S.040 
2.930 
2.210 

78 

3,260 
21.600 
9.700 
11.900 
28,400 

1S.500 
2,540 
54.900 
60,800 
18.900 

101.000 
21.300 
50.100 
I:1.000 
2JU.000 

11.500 
l2l.000 
13P.OQO 
170.000 
420.000 

S.9l.OWI 
316.000 

I 

.. 
i02.000 - - 
130,OW 

- 
4,110 
79.200 
4.950 - 
10,400 

677 

10,400 
2,080 

6.340 
3,430 
3,910 
2,490. - 
3.910 
22.700 
10.200 
14,100 
29,700 

16,500 
2.770 
63,400 

. 69,900 
24,500 

119,000 . 
69,500 
165.000 
290.000 

It,IOO 
LS7.000 - - - 
446.000 - 

I 

: 

23.500 

10.W)O 

bP,BOO 

147.000 

495.W 



Annual peak-discharges were available f o r  1 4 2  gaging 
. s t a t i o n s  ir, Alaska and 41 gaging s t a t i o n s  i n  Canada as shown 
in figure 1. Much of the  area, particularly in t h e  i n t e r i o r ,  
west, and north, has almost no peak discharge records. Very  
few records a re  a v a i l a b l e  f o r  small streams except i n  sou theas t  

9 

Alaska, 'on the Kenai Peninsula ,  and around Anchorage. 

REGIONAL FLOOD FREQUENCY 

The capabi l i ty  f o r  eva lua t ing  f l o o d  hazards i s  needed in 
a l l  areas, no t  j u s t  where gaging-s ta t ion  records have been .. 
taken. Usually, t he  need f o r  f lood-frequency information i n  
Alaska i s  at locations t ha t  have few, if any, hydrologic  data, 
and time and c o s t  do not permit  c o i l e c t i n g  the amount of 

records necessary t o  make a r e l i a b l e  frequency ana lys i s  f o r  
t h e  s i t e .  

A regional analysis defining the r e l a t i o n  between t h e  
magnitude and frequency of f loods and the '  drainag-e- basin 
physica l  and c l imat ic  variables was based on data  f o r  t h e  
entire State. The ana lys i s  used multiple-regression methods 
[Benson, 1962; Benson, 1964) .  The basic r eg ress ion  equation 
used is  of t he  form: 

b e d  
Y = a n A  * S  -P . . . 

where Y is a flood c h a r a c t e r i s t i c ;  A, S, P., ., are basin 
variables; and a ,  b ,  c . .  . are cons tan t s , ,  determined by a 
standard s t a t i s t i c a l  procedure. The data used in t h e  
analys is  a re  shown i n  table 1, . 

Tha- basin variables used. in the analysis  were computed 

from Geological Survey and Canadian topographic and c1 imatic  

maps. The climatic maps a r e  shown as figures 2 and 3 .  The . . 
basin variables [physical and c l i m a t i c  c h a r a c t e r i s  ties) are 
described i n  the s e c t i o n  on d e f i n i t i o n s ,  







Results of  t h e  ana lys i s  are shown i n  t a b l e  2 ,  t h e  equa- 
t i o n s  may be used t o  es t imate  the flood c h a r a c t e r i s t i c s  as 
shown f o r  any loca t ion ,  by s u b s t i t u t i n g  values of the  b a s i n  
va r i ab les  as indica ted .  The o the r  bas in  v a r i a b l e s  i n  t a b l e  1 

were not found t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .  
- 

Table 2.  --Regional flood-frequency r e l a t i o n s  f o r  Alaska. . 

Standard 
Dependent Regression Regression c o e f f i c i e n t s  e r r o r  of 
v a r i a b l e  cons r a n t  es t imate  

Y a 45 "2 . b ,  - b, (percent)  

Example: Q, = 1 . 9 9 ~ * ~ ~ ( ~ t + 1 ) - = ~ ~ p ~ ~ ~ 1  @ 5 3  
24,2 

.. . . . ._.____.__ . . _ _  ---- . - - .- - --- --- ,--- -. -- .. A . 

The p r i n c i p a l  measure of the  accuracy with which a  p a r t i c -  

u l a r  s treamflow c h a r a c t e r i s  t i c  can be determined i s  t h e  s t a t i s  - 
' t i c a l  measure of e r r o r ,  I t s  tandard e r r o r  of es t imate  ," and i s  

expressed i n  t h i s  r epor t  as  a  percentage of the  average value 
4 

of the  c h a r a c t e r i s t i c .  The s tandard  e r r o r  i s  the est imated 
l i m i t  above and below the  average wi th in  which about 6 7  percent  
of f u t u r e  values of the c h a r a c t e r i s t i c s  are 'expected  t o  f a l l .  
Conversely, only one chance i n  t h r e e  exists t h a t  f u t u r e  values . 

w i l l  d i f f e r  from t h e  average by more than one s tandard  e r r o r .  



The standard error of es t imate  i s  shown for each r eg ress ion  
equation. This s tandard  e r r o r  o f  es t imate  gives an evaluat ion 
of r e l i a b i l i t y  of es t imates  f o r  the  physical and c l i m a t i c  
f ea tu res  that were sampled i n  Alaska and adjacent p a r t s  of 

Canada. The range acd d i s t r i b u t i o n  of t h e  features may be 
studied by reference to t a b l e  1, Estimates should be considered 
l e s s  reliable f o r  sites having indices of  phys ica l  and c l i m a t i c  
f e a t u r e s  ou t s ide  the range of ind ices  sampled. 

Stream-gaging records do n o t  de f ine  flood-frequency char- 

a c t e r i s t i c s  without error.  However, t h e  s tandard  e r r o r  of . 
estimate sf t h e  50-year f lood evaluated from 18-year records 
for the gaging s ta t ions  used i n  t h i s  analysis i s  2 2  percent ,  
whereas t h e  s tandard e r r o r  sf estimate from t h e  50-year-flood 
regress ion  equation i s  53 percent .  This  means t h a t  a 10-year- 
flood record at  a site car  be expected on t h e  average t o  be 

considerably more r e l i a b l e  than an es t ima te  using the r eg res -  
s ion  equation. 

An.analysis of d e v i a t i ~ n s  (a  dev ia t ion  i s  t h e  d i f fe rence  
between the  f h o d  discharge as est imated from fhe  regress ion  
relation and as determined from t h e  f lood record] shows that 
the equdtions estimate flood magnitudes that a r e  t o o  high in 
the  Kenai River basin. This is  a t t r i b u t e d  p a r t l y  t o  inaccuracy 
i n  the  map of mean annual p r e c i p i t a t i o n .  Gaging-station 
records show t h a t  mean annual runoff commonly exceeds the 
mapped values of mean annual p r e c i p i t a t i o n .  I n  the  Kenai 
River basin except ional ly  high mean annual p r e c i p i t a t i o n  r e l a -  
t i v e  t o  runoff i s  mapped. B e t t e r  regional.  f lood-frequency 
r e l a t i o n s  based on regress ion  methods w i l l  r equ i re  b e t t e r  
regional maps of p r e c i p i t a t i o n  o r  af t e r n a t e  basin i nd ices  and 
more records of runoff. 

Caution is recommended in using t he  50-year f lood regre;- 
s ion  equat ion for the following reasons: 

1. Only 2 4  gaging s t a t i o n s  having about 25 years minimum 
record were ava i l ab le  t o  eva lua te  the  50 -year f lood  
regression equation. This i s  a very small sample. 



2 .  O f  t h e s e  2 4  s t a t i o n s ,  none o u t s i d e  the  Sou theas t  and 

South-Cent ra l  sub1 eg ions  sampled d r a i n a g e  basins of 
I 

less t han  about  1,500 squa re  miles. 
This r e p o r t  sSupersedes and expands upon an e a r l i e r  f l o o d -  

f requency a n a l y s i s  (Berwick, C h i l d e r s  , Kuentzel ,  1964).  The 
. . 

e a r l i e r  a n a l y s i s  was f o r  Alaska s o u t h  of %he Yukon River  ' 

whereas t h i s  r e p o r t  covers  t h e  e n t i r e  s t a t e .  

MAXIMUM KNOWN FLCODS ; 

Flood-hazard ;va lua t ion  u s u a l l y  r e q u i r e s  de t e rmina t ion  of  

a  "design" f l ood .  This  i s  sometimes a f l o o d  of  50-year  o r  
some o t h e r  r ecu r r ence  i n t e r v a l .  I n  Alaska,  f l o o d  r eco rds  a r e  

so few and s o  s h o r t  that t h e  b a s i s  f o r  t h e  50-year f l o o d  i s  
u n c e r t a i n .  There fore  t h e  maximum known f l o o d s  f o r  n e a r t y  o r  

s i m i l a r  s i t e s  may h e l p  i n  t h e  e v a l u a t i o n  of t h e  f l o o d  hazard.  

Maximum known peak discharges are  l i s t e d  i n  t ab l e  3 f o r  
a l l  gaging s t a t i o n s  and miscellaneous-measurement s i t e s  i n  
Alaska. ~ e n g t h s '  of flood. r eco rds  i n  .water  years and p e r i o d s  

o f  records  a r e  shown f o r  gaging s t a t i o n s .  The f l ood -d i scha rge  

r a t e  i n  cub ic  f e e t  pe r  second pe r  squa re  mi l e  i s  shown f o r  

comparison of f l ood  r a t e s  uetween sites o r  a r e a s .  The s i t e s  

a r e  l i s t e d  i n  downstream o r d e r  and a r e  grouped by Water 

Resources Council  subreg ions .  The s t a t i o n  numbers shown a r e  

t h e  Geological  Survey numbers (see d e f i n i t i o n s ) .  A l l  gaging 

s t a t i o n s ,  both  c u r r e n t  and d i s con t inued  having a t  l e a s t  one 

y e a r  of r eco rd ,  a r e  shown i n  f i g u r e  1. . . 
The maximum .known peak d i s cha rges  l i s t e d  i n  t a b l e  3 were 

p l o t t e d  i n  r e l a t i o n  t o  d r a inage -a rea  size. Along t h e  c o a s t  o f  

t h e  Pacific Mountain System, b a s i n s  a r e  g e n e r a l l y  less  t han  
100 square  miles  i n  a r e a  and have h igh  f l ood -d i scha rge  r a t e s .  

The curve f o r  500 cfs p e r  squa re  mi le  encompasses a l l  maximum 

known f l o o d s ,  except  two a long the  coas t  of t h e  P a c i f i c  Moun- 
tain System. I n  t h e  r e s t  of A l a s k a ,  a curve for 1 0 0  c f s  per 
squa re  mi l e  encompasses a lmost  all maximum f l o o d s  known. 
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: .  APPENDIX 
S u r f a c e - w a t e r  s t a t i o n s  i n  Canada used i n  this study 

I STIKINE RIVER BASIN I I 

S t a t i o n  
number 

S t a t i o n  name ; . 

15-0242 .00  

0243.00 

0244.00 

0245.00 

0246.00 
0247 .00  

D r a i n a g e  
area 

(sq mi) 

Klappan  R n r  T e l e g r a p h  C ,  
B . C .  

S t i k i q e  R ab Grd Cyn n r  
T e l e g r a p h  C ,  B . C .  

T a n z i l l a  R .nr T e l e g r a p h  
C ,  B . C .  

Tuya R n r  T e l e g r a p h  C ,  
B.C. 

S t i k i n e  R a t  T e l e g r a p h  C ,  11 ,300  l S ( 1 9 5 3 -  
I r k u t  R b l  J o h n s o n  R ,  B.C.1 1 , 6 1 0  1 i ,O ( l958 -  

0410.00 
0411.00 
. . 

, '  3 

1200.00 

1202 .00  

1205.00 

3045.20 
3045.50 

. 3046 .00  
3046 .50  
3047.00 

30'47.50 

3048.00 

3048.50 

3049.20 

*Dates 

D a i l y  r e c o r d  
l e n g t h  i n  
y e a r s *  

1 , 3 6 0  

7 ,300  

616 

1 ,350  

TAKU RIVER BASIN 

Sloko R n r  A t l i n ,  B . C .  
Taku R n r  T u l s e q u a h ,  B . C .  

ALSEK RIVER BASIN 
A i s h i h L k  R n r  W h i t e h o r s e ,  

Y.T. 
Kathle .en  R n r  Haines J c t . ,  

Y.T. 
Dezedeash R a t  H a i n e s  

J c t . ,  Y.T. 

YUKON RIVER BASIN 

Lubbock R n r  A t l i n ,  Y.T 
P i n e  C n r  A t l i n ,  B . C .  
A t l i n  R n r  A t l i n ,  B . C . '  
Wann'R n r  A t l i n ,  B . C .  
F a n t a i l  R a t  0 ,of F a n t a i l  

L n r  At ' l in ,  B . C .  

T u t s h i  R at 0 of T u t s h i  L 
n r  A t l i n ,  B . C .  

Lindeman R n r  Bennet t ,  
B.C.  

Wheaton R n r  C a r c r o s s ,  
Y.T. 

T a g i s h  C n r  C a r c r o s s ,  
Y.T.  

a r e  last c o n t i n u o u s  p e r i o d  

7 (1961-  

12 (1957 -  
9 

8 (1958 -66 )  

7 (1962-  

180 
6 ,000 

1 , 6 2 0  

2 49 

3 ,200  

650 
269 

2 ,520 
1 0 4  
289 

366 

9  2 

337 

3 1  

o f  r e c o r d .  

lZ (1958 -  
16 (1952 -  

' 19 (1949-  

6 (1958 -64 )  

1 6  (1952-  

14 (1954 -  
1 3  (1963-  
lS (1950 -  ' 

1 2  (1956-  
12 (1956 -  

12 (1956 -  

14 (1954 -  

13  (195'5- 

l l ( 1 9 6 5 -  



APPENDIX--continued -. 
Surface-water s t a t i o n s  in Canada used in this s t u d y  

S t a t i o n  
number 

r .  

3050.00 Yukon R a t  Whitehorse, I 7,500  1 25(1945-  I Y.T. I 

C. - .,>- .. .-. g rr . 
15-3049 .50  

Takhini R a t  0 of Kusawa 
L, Y.T. 

Takhini  R nr Whitehorse, 
Y,T. 

Yukon R ab Frank C, Y .%. 

Station name 

Swift  R nr Swif t  R ,  B.C. 
Gladys R a t  0 of Gladys L 

. J U K O N  RIVER BASIN- -cow%,* - 
MaClintock R nr hlhitehorsY - .  5 9 7  

Y,T. I 

Tes l in  R' nf T e s l i n ,  Y.T. 
Tesf in  R wr Whitehorse. I 

Drainage 
area 

( s q  mi) 

-re ....- 
13 (1955- 

Big Salmon R nr Ca.rmacks, 
Y.T. . I 

Dai ly  record 
l e n g t h  in 
years* 

Yukon R a t  Carmacks, Y.T. 
Ross R a t  Ross R, Y . T .  
Pelly R a t  Ross R, Y.T. 
Pelly W at Pelly C r o s s i n g ,  

V rm 

Yukon R ab m i t e  R nr 
Dawson, Y , T .  

K16ane R a t  O of  Kluane E, 
Y . T .  

Stkwart R a t  Mayo, Y . T .  
Stewart R a t  Stewart 

Crossing, Y.T. .. 
Stewart R a t  mouth, Y.T. 
Yukon R at Stewart R, Y.T. 
Yukon R a t  Dawssn, Y.T. 
Porcupine R at Old Crow 
Y.T. 

*Dates are l a s t  continuous per iod  o f  record. 




