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FLOOD FREQUENCY ANALYSIS FOR THE NEW BRUNSWICK—GASPE REGION 

INTRODUCT ION 

equation for the determination of the mean flood at the point of interest was also derived by multiple correlation. 'I'hi__s 

equation relates the mean annual flood to Certain 
basin parameters. ’ 

. 

’ 

'I.'h;iS report pres_ents_ the results of a 
flood frequency analysis for the region com- 
prising parts of the provinces of Quebec and 
New and that part of the State of 
Maine "lying the Saint John River basin. 

A gregional flood frequency curve was 
developed defines the ratio of the magnie 
tude. of flood of a given recurrence 
interval -to that of the mean axmual flood at 
any -spe,__mfi.ed Point in the drainage systems 

. c'on'ce‘{ ed. 

Methods for applying the -regional flood 
frequency curve and the‘ flood 
equation are described the limitations in 
their use are discussed. 

~~ ~ 

REGION COVERED 

(d) lhe Miramichi River basin, and all 
other gbavsins north of it in New 

The ~regi_o:.n covered in this report is 
shown in Figure 1 and may be‘ described as 
follows: i 

(—a)_ That’ part Pf .1;h.e Province of Quebec 
lying south of the St. Lawrence River 
"and east of the City of Quebec. 

(b) That part of the Saint John River 
basin in New Brunswick and upstream 
of Fredericton. 

The stréainflow records employed in the analysis were drawn from the region described 
and the use of the regional curve outside this area cannot be recommended. Furthennore, the

_ catchment areas associated the gauging
_ stations were confined to arrange of 80 to 6,000 

square miles- The application of the regional curve to areas outside this range is not (c) That part of the Saint John River 
recommendedv. basin in the State of Maine. 

BASIC DATA USED IN THE ANALYSIS 
Streamflow records from 32 gauging 

stations in the region were in the analysis. 
The s_t_ations_ are listed Table 1, together 
with their periods of irecoird}, and the corre- 
sponding drainage areas and their locations are shown in Figure 1. 

The periods of record of flood 
in length from station to station, the 
being a 50-year record on the Chaudiere River at St. Lambert, Quebec-, and the shortest a nine-year record on the Nepisiguit River near Pabineau Falls, New Brunswick. 

flow 
19h.zest



SINGLE-S‘TAT'ION ANALYSIS OF ANNUAL FIDODS 
= Individual flood frequency curves were 

constructed according to the method based on the 
first asymptotic distribution of extreme values 
-(the Gumbel Method) described by Coulson (1966). 

A typical single-station, flood frequency 
curve with its 95 per cent confidence limits is 
shown in Figure 2. This curve is for the 41 
years of record, 1923 to 1964, on the Rimouski 
River near Rimouski, Quebec. 

Similar curves with their corresponding 
confidence 1-imits were constructed for the 30 
gauging stations in the region with periods of 
record of "ten years or more. 

The annual flood was defined as the maxi- 
mum mean daily flow occurring during the water- 
year October 1 to September 30. The maximum 
instantaneous flow was‘ not used in the analysis, 
as the records of such flows are not complete. 
The user must bear in mind that some upward 
adjustment is necessary to obtain the, maximum 
instantaneous discharge for any given recurrence 
interval from the maximum daily discharge 
computed by themethod described. 

"The -flood frequency curves for the two 
stations with less‘ than ten years of record were 
not derived but the records were used. as 
supporting data in other phases of the study. 

RECURRENCE INTERVAL IN YEARS 
L2 L3 L4 L5 3 4

4 

56T89l0 

5'6 
Frequency curve of annual floods gfor Rimouskivkiver 

near Rimouski for the period’ T1923 to 1964. 

23 
IA.0
§ 
:5 
M! 
(DI< I.U 
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I.0I L3 L4 I5 2 3_ 

Figure 2.
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TABLE 1 

Data Used to Define Regional Flood Frequency Relations 

””2r’L'§g° Location Period of Record 
N _ (H _»_ __§Sq. M11es) 

G1 1,290 Saint John River at Nine Mile Bridge 1951-1966 
G2 2,700 Saint John River at Dickey 1947-1966 
G3 5,690 Saint John River at Fort Kent 1927-1966 
G9 1,250 Allagash River near Allagash 1932-1966 
G10 520 St. Francis River at Outlet Glasier Lake 1952-1966 
G11 860 Fish River near Fort Kent 1930-1966 
G14 1,650 Aroostook River at Washburn 1931-1966 
G15 330 Machias River near Ashland 1952-1966 
G16 860 Tobique River at Riley Brook 1955-1966 
G17 1,210 Tobique River at Plaster Rock 1955-1966 
G17A 1,600 Tobique River at Narrows 1919-1933 

1954-1966 
G18 175 Medumnekeag River near Houlton 1941-1966 
G22 8177 Upsalquitch River at Upsalquitch 1919-1933 

. 1944-1966 
G23 - 140 Tetagouche River near West Bathurst 1923-1933 

1952-1966 
G24 807 Nepisiguit River near Pabineau Falls ' 1958-1966 
G24A . 712 Nepisiguit River at Nepisiguit Falls 1922-1966 
G27 518 Litt1e!S". W. Miramichi River" at Lyttleton 1952-1966 
G65 640 Matane River near Matane ’ 

» 1923-1964 
G66 739 Métis River near Price 1923-1964 
G67 311 Ouelle River at St. Pacome 1921-1964 
668 404 Du Luoupl River at Riviére Du 1oup 1923-1964

9 

G69 » 387 Trois Pistoles River near Tobin 1922-1964 
G70 ‘ 800 Rimouski River near Rimouski 1923-1964 

’ 

G71 311 Du SudHRivé'r at Arthurville 1923-1964 
G72 2,261 Idtaudiére River at St. Lambert 1915-1964 
C73 448 Chaudiére River near Drolet 1916-1964 
674 274 -Beauivage River near St. Etienne 1926-1964 
G751 

I 

443 Etchemin River near Jean Guérin 1919-1964 
G76 85 Blanche River near St. Ulric 1934-1964 
G77 288 Dartmouth River near Cortéréal 1946-1964 
G78 389 York River near Suny Bank 1946-1964 
C79 195 Du Loup River above St. Joseph 1956-1964



TABLE 2 

Homogeneity Test 

__ 
Q10/Q2.33 Q2.a3 x 1.61 T for Q Relcagicllocggrs) 

G1 '19,333 
' 

1.51 31,939 14 - 

. 

16’ 

G2 40,735 ~ 1.53 65,664 11 
' 

20 
03 77,167 1.45 124,239 13 40 
G9 14,026 1.53 22,532 20 35 

G10 6,293 1.67 10,140 3.5 - 15 
G11 7,999 1.44 12,373 

_ 
19 37 

014 22,332 1.51 36,035 14 36 
G15 6,024 1.39 9,699 6 

‘ 

15 

G16 3,227 2.02 13,245 5.5 12 

G17 13,690 2.14 22,041 5 12 

GIZA, 22,560 1.63 36,322 3.5 27 
G18‘ 3,310 1.60 5,329 10 26 

022 12,224 1.66 19,631 
’ 

3.5 33 
023 2,624 1.64 4,225 10 26 

0244 9,310 1.51 14,939 14 45 
' 

G27 9,357 1.96 15,370 5.5 15 

665 12,634 1.42 20,341 21 42 

G66 10,125 1.69 16,301 3 40 

G67 5,301 1.54 3,563 14 43 

G68 5,334 1.64 9,473 
I 

- 9 42_ 

G69 
, 

7,360 1.57 11,350 11 43 

070 10,153 1.49 16,346 15 41 

071 3,512 1.46 13,704 17 42 

072 33,474 1.45 61,943 13 50 

.073 6,104 1.54 9,327 49 
074 6,131 ‘1.49, 9,371 15 39 

G75 3,373 1.41 14,294 23 
. _ 

36 

676 2,045 1.56 3,292 31 

G77. 3,774 1.60 14,126 ,, 10 19 

073 7,516 1.52_ ,12,101_ 
‘ 

v4§ V 

1 19 

A region must be "shown to be homogeneous 
before, the individual curves 
‘can be with to form 3 
regional curve. 

4. 

RATIO = 1.61’ 

rxxaxnauaxns REGIONS FOR FLOGD FREQUENCY 

A homogeneity test gs de§crib'ed by 
Dalfyjiple (1960), was app1,1,e;l w1th_suecess to 
the 30 frequency curves of iregmn. The data 
ate listed in Table, 2 and the graph is shown in 
Figure 3.
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REGIQIAL FLCDD FRMUENCY CURVE 

The regional floodfrequencyicurve for based the assumption that the slope of the - 

a_ ‘region was assumed to be the mean fegiional curve is unifom throughout 
of th.e‘i_I.'1.<1;, curves-. The curves the region and 1.',fai“iait3i.0fIZIS curves for 
bad to be redutejd to dménsiiorxless form before ind-._ Sta.it7i0Tfi.S are due any to sampling 
they were to the effect of errors; 
varying drainage areas. mics done by 
expressing the iloosls at given inte1'- 

T . 

vals as ratios to the at the The regional curvefor the area under 
site. The mean of the _r_at:ios for g_ giiyen ’r'e- 

' 

consideration, which was developed by the 
currence interval was taken as the equivalent method descriibed, shown -in Figure 4. The 
ratio for th_e regional curve. 'I_‘hi__s concept is data S1'_1f)'pc}Ttihg' the ‘are listed in Table 3. 

REGURRENCE !NTERVAL IN YEARS 
L2 L3 1.4 1': 

' 
‘ 

' 

I00 

3 -_0 

2-5
. 

2-0 

RATIO 

TO 

THE 

MEAN 

ANNUAL 

FLOOD 

0-5 

4 5 §7a.tso-.9 

Figure 4. Regional flood frequency curve. 
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'TABLE~3 
1‘. Ratios to.the Mean Annual Flood for 

Specified Recurrence Intervals 

Mean Annual ' ' 

station Flood 
’ Recurrence Interval (years) 

A 

~V (cfs) 5 _10 20, ,50 100 

01 - - 19,838 
' 

1.29 1.51 1.72 ' 1.99 2.19 

V 

G2 . 

. 

' 

40,785 . 1.32 1.58 1.81 2.12 2.36 
1 

G3 
‘ 

77,167 1.24 1.45 1.64 1.89 2.08 
G9 14,026 1.29 1.53 1.75 2.04 2.26 
G10 6,298 1.38 1.67 1.96 2.32 2.59 
011' 7,999 1.24 1.44 

' 

1.63 1.87 2.04 
014 

A 

22,382 1.28 1.51 1.72 2.00 2.21 
. 015 ; 

1 6,024 1.51 1.89 2.26 2.40 - 3.10‘ 
vG16 8,227. . 1.57 2.02 2.45 3.00 3.41 
G17 

7 

A 
13,690_ 1.64 2.14 - 2.62 3.22 3.68 . 

'G17A - 

— 
6 22,560 A 

- 1.38 1.68 1.96 2.32 2.60 
G18 - 3,310 1.32 1.60 1.87 2.20 2.46 
G22 12,224 1.39 1.66 1.94 2.30 2.57 
023 2,642 - 1.36 1.64 1.90 2.24 2.49 

1 024A, ._ 9,310 1.28 1.51 1.73 2.01 2.22 
G27 

_ 

- 

V 

9,875 
' 

1.54 1,96‘ 2.36 2.88 3.26 
G65 

' 
‘ 

12,634 1.23 1.42, 1.60 1.83" 2.00 
066 - 

‘ 
- 10,125 

' 

1.39 1.69 1.99 2.37’ 2.66 
567 

, 

. 5,301. 
' 

» 1.29 1.54 
1 

1.76 . 2.06 _2.28 
G68 ‘5,884 1.34 1.64 1.91 2.27 2.54 

".‘c69.. 7,360 1.32 1.57 1.81 2.12 2.36 
_ 

070 ‘ 

__ 
‘. ' 10,153 1.28 1.49 1.69 1.96 2.16 

‘G71’ 
I 

7 
. 

8.512 1.25 1.46 1.65 ’1.90 .2.09 
1 

G72 ’ 

1 38,474 
” 

' 

1.24 1.45 1.64 1.88" 2.06 
073 

_ 

6,104 1.29 1.54 . 1.76 2.06 ,2.28 
(:74 

‘A 

6,131 1.27 1.49 1.70 1.97 2.16 ‘ 

L 

;c75 , 
'8,878 

’ 

1.22 . 1.41 1.58 1.81 
_ 

»1.98 
G76 ' 

2,045 1.31 1.56 1.78 2.08 2.31 
- 077 8,774 1.35 1.60 1.85 2.17 2.42 
QG78 '1 

. 7,516 1.29 1.52 1.74 ’_2.02 12.24 

" 
REGIONAL CURVE 

' 

1.344 1.61 1.86 2.18 2.44



CONFIDENCE LIMITS 

The confidence limits for the regional . 

frequency curve were computed by combining 
those of the individual station curves. ‘The 
procedure may be described by_reference to the ,_ 
fi‘eq'1"1€I'1C'y' fol‘ the. Rimdilski River near 
Rimouski, illustrated in Figure 2. 

At a recurrence interval of ten years, 
the flood and the confidence limits are: 

Q10 = 15,093 cfs = 1.485 Q2_33 

Upper 95 per cent_Confidence 
Limit = 17,393 cfs = 1.71 Q2_33 

Lower 95 per cent Confidence 
Limit = 12,793 Cfs = 1.26 Q2.33 

. The error, E1(9S per cent),in the value. 
of Q10 expressed as a ratio of the mean annual 
flood was defined as: 

E,(95 per cent) = 1;71 — 1.485 
= 1.485 — 1.26 
= 0.226 

Similarly, the values of E2(9S per cent), 
5E3(95 per-cent)...E30(95 per cent) for the re- 
mainder of the 30 individual frequency curves 
were computed. H,, .w ., V. _ . _ 

The mean,of all the individual station ” values of 010, expressed as ratios to Q2_33, 
.was taken as the value at 010 for-the regional 
curve; the error, ER(95 per cent), in the 
regional curve was computed from the central 
limits theorem by the following expression: 

ER . /g'2):*‘.‘;,‘2‘*"“—. . _EN2 
. 

1

N 

The computation gave the value for ER 
(95 per cent), and thus the 95 per cent con—. 
fidence limits for the regional curve at a re- 
currence interval of ten-years. Confidence 
limits for.other recurrence intervals were 
computed by the same method. 

MEAN ANNUAL FLOOD 

The magnitude in cfs of a flood of a 
given recurrence interval in a particular basin 
cannot be determined directly from the regional 
frequency curve but only the ratio to the mean 
annua1'floOd at the site.‘ It is necessary to 
compute the mean annual flood before the ' 

magnitude and frequency of other floods can be= 
determined. . . 

. ;

‘ 

The mean annual flood, MAF, is dependent 
' on many factors, including drainage area, stream 
slopes, elevations, land use, geology, natural} 
storage in lakes, swamps and river.chanhels, and 
the shape and position of the basin relative 
to the direction of travel of most storms; It, 
is impracticable to assess accurately the effect 
of all these factors when estimating the mean 
annual flood. Nmerical values may be derived 
for some of them, however,_and their significance 
assessed by multiple correlation techniques. 
The mean annual flood may then be related_to 
the more significant factors. 

A series of stepwise linear regressions 
was run on a computer using mean-annual flood 
flnAF) as the dependent variable and_the'following 
factors as.independent variables: 

(a) Drainage area 

(b) Size and position of lakes and swamps 

(C) Main channel slope 

(d) Average basin elevation 

(e) Mean barrier elevation 

(f) Mean annual precipitation 

Of these factors only the drainage area, 
the size and position of lakes and swamps, and 
the main channel slope proved to be significant. 

The size and relative position of the 
lakes and swamps was taken into consideration by 

. dividing the drainage area into two portions 
called the "controlled" and "uncontrolled" areas. 

, 
These were combined to form a variable in a 
regression of the following form: 

MAF = F(Au + AK A?) 

where: 
‘ 

Au = drainage area uncontrolled by major 
lakes and swamps, in sq. mi. 

AC = drainage area controlled by major 
lakes.and swamps, i,e., total 
drainage area above the outlet of 
lowest lake or swamp, in sq.mi. 

K = a constant 

A = Ac fsAL 
Ac 

where AL = total surface area of major lakes 
and swamps.

/g
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TABLE 4 

Data Used in the Regression for Estimating the 
1 

' Mean Ar‘_mua1 I;‘1o‘od'_' 
: 

' 
3' 

Station s2;“.;.1. *..."“,..; sh. 1 1 

1.4.) E 

1 Es‘”c3“7“e‘1 2E5.;°r 
.. . 

' - . s ' 

.." ,(ft/1,Q0o ftg) _ 
: H _;M77 !gfs)%wm _>WH_v':B 

01 51,290 1 ‘880.5 '409.5-‘ ".944 . 
. 0.96 

, 

. 19,838: 
‘ 

. 19,055" - 3.9 
02 “~2,700 991,838.79 861.3 .957 ' 

1 1.04‘ 
j 

40,785 ' 

36,150 -11.4 
03 

, 
5,690‘ 2,391.1-. 3,298.9_ 

' 

.926 
' 

1.00 77.16711 . 59,074 -23.4 
09 _1,250~ 

j‘ '146.8 1,103.2 .914 E -0.68 ’ ’14,026: .13,671 - 2,5 
010 .520 

9 

1 

V 

0 
' 

520.0 _.968 1.27 
' 

6,298 8,183 +29.9 
1011 "3 860 

‘ 

76.3 
' "783;7'. .882 

' 

0.62 
1 

-'7,999 - 8,449 ’ + 5.6
' 

014 -1,650 _190.9 1,459.1 
' 

.985 0.83 
' 

22,382‘ .18,664 -16.6‘ 
‘015 

f 330 
_ 
69.8 

' “260.2 .930‘. 2.23. 6,024 4,763; -21.0 

9G16 
_ 

860 541.5 = 318 5 .943 1.59 8,227 
_ 

‘13,327” +62.0 
017 1,210 » 864.8 ‘j ‘345.2 

. .940 
_ 

1.33 13,690 ?._ ;18,139: +32.5 
Gl7A 1,600_ 1,232.8 1 367.2 ‘.940 - 1.01 22,560 '23;330 + 3.4 

f018 1’ 175 60.3 ;,134.7 
_ 

.896 ' 2.72 3,310 2,987" - 9.8 
022 _ 

' 

877_ 835.9 '41.1 
_ 

.970 
-1 

2.29 ‘12,224 14,852 
_ 

+21.5 
5023 I 1405 ’72.8_'. 

j 
67.2" .993 

l 

‘ 4.55" ‘2,642‘ '1 ‘3,130 ‘ +19.3 
.G24A 

: 

712' - 597.3 114 7 
, 

.973 2.80 1 9,310 '12,280 +31.9 
.027 ;’ 518 341 5 176.5 

j 

.950" ‘ 

4.47 "' 
9,875 8,847 -10.2 

’G65 
_ 

640 507.7 132.3 ' 

.978 3.15 12,634 11,212 -11 3 

VG66 
j 

739': ‘ 385.9 353.1 .949 
‘ 

' 

3.80 ‘ 
' 10,125. .:11,500 +13.6 

067 311 252.8 
_ 

58;2'- .922 6.23 
_ 

. 

1 

5,301 i 

. 5,861 +10 6 

068 404 
' 265.8 138 2 

‘ .936 2.62 9“ '5,884 :9 
’ 7,034 +19.6 

069 387 314.1 '72.9 .940 5.48 ' _7,360 7,127 - 3.2 
1070 800 

' 

464.5 335.5 .934 _ - 3.76 i 10,153.: 12,182, +19.8
_ 

"071 311 294.6‘« 16.4 .924 6.15 — 

. 

1 8,512 6,133‘ -27 9 

072 
' 

2,261 1,774.4 .- 486.6’ - .931: 1;63 
3 

38,474 ‘ 31,103 -19.2‘ 

073 _ 448 73.8_ 374124 .936 
_ 

5.159 ~ '6,104 
' 

6,495j + 6.4 
074 274 257.6 

' 

- 16.4 .564 
" 4.24 ' 

1 6,131. : 

" 5,332”’ -13.0 
' 

075 443 412.1 30.9 ; ".932 3.28 
' 

.8,878 
_ 

8,238. - 7.2 

076 85 ‘47.0 . 38.0 ‘.960’ 4.14 ': : .u2,045 
‘ 1,917_ - 6.3 

077 
1 

288." 275.91 12.1 ' 

.966 5.64 .8,774' 5,809“ -33.8 

G78 
A 

.389 ‘351.6 '37.4'- .963 . .4 79 . 7,516 - 

_ 

7,411_9 - 1.4 

Different values of K were assumed in The following regression equation using 
successive regression analyses,_and the value K = 6 and the data shown-in Table 4, arose out 
which gave the least standard error of estimate _ 

of the series of regressions: ‘ 

(Se) for the MAP was selected. The result of _- ‘ 

these trials is shown in the graph of S32 against 
K in Figure 5_ Log MAP 5 0.8429 Log (Au+A5Ac) + 1.694 (1)

10



-x 

-\V"‘

~ 
Equation 1 may be used to estimate the 

mean annual flood with a standard_error of
g estimate of 0.0895 log units or +23 per cent and 

—l9 per cent. '

. 

The main channel slope was then introduced 
in another series of regressions, using different 
values for K. The equation giving the best 
estimate for MAP was the following: 

Lpg MAF = 0.9154 Log (Au+A3AC) 
+ 0.140 Log s + 1.415 (2) 

where S = main channel slope in feet per 
thousand feet computed as the mean 
slope between points at 10 per cent 
and 85 per cent of stream length 
above the station (Benson, 1962). 

. The.standard error of estimate was 0.883 
log units or-+22.5 per cent and -18.5 per cent. 

As Equation 2 represents only very small 
improvement over Equation 1, it is a matter for 

' 

personal judgement as to whether the factor for 
channel slope should be considered in any 
specific application. 

APPLICATION OF THE REGRESSION EQUATION FOR MEAN ANNUAL FLOOD 
The mean-annual flood at a point of 

interest may be determined either from regres- 
sion Equations l or 2 or from the curve in ' 

Figure 6. In any case, a necessary first step 
is the computation of the value of (Au+A5AC). 

Swamps are considered to have the same 
effect as lakes on the mean annual flood; andv 
are considered as lakes for the purpose of the 
analysis. 

The value of (Au+A6AC) is determined by 
first measuring the total drainage area of the 
basin under study, the total surface area of . 

major lakes and the area controlled by the major 
lakes. The controlled area is defined as the 
area of watershed upstream of the outlet of the 
lake or, where more than one lake is involved, 
the total area above the outlet of the lowest. 

A somewhat arbitrary decision must be 
made as to what constitutes a major lake. A 
rule of_thub which may be adopted defines a 
major lake as one whose area is at least one 
per cent of the area it controls. 

Values for the drainage area (A), the 
area controlled (A¢) and the surface area of 
the lakes (AL) are then substituted in Equations 
3 and 4: ' ' 

Au=A‘.-Avc - 

A = ACAE AL (4) 

The value of (Au+A5AC) can then be 
computed. Figure 7 gives a convenient method 
for determining )6. 

APPLICATION OF THE REGIONAL FLOOD FREQUENCY CURVE AT GAUGING STATION SITES 
Using the computed mean annual flood and 

the regional frequency curve, a frequency curve 
of annual floods may be derived for any specific 
site. ' 

’ ’ 

There are two types of error inherent in 
the estimated frequency curve, the error in the 
mean annual flood and the error in the regional 
frequency curve. As the error in the mean 
annual flood far outweighs that in the regional 
frequency curve, it is desirable, where possible 
to estimate the mean annual flood from stream- 
flow records rather than by Equations 1 or 2.

9 

Where streamflow records are available 
at the point of interest and the flood frequency 
curve based on the actual records is close to 
the regional curve, the latter is usually pref- 

vanition of flood potential at the site. 

erable. Where there is a significant difference 
between the two curves, it is a matter of judge- 
ment as to which of the two is the better defi- 

In some 
Cases it may be desirable to select some inter- 
mediate curve. 

An example is shown in Figure 8 in which 
the preliminary curve (plotted from streamflow 
records) with its confidence limits is compared with the estimated curve. Here the estimated .” 
mean annual flood.was in close agreement with 
that based on the records, but there is a - 

significant difference between the preliminary 
frequency curve and the curve derived by the regional approach. This difference may be attri- 
butable to some physical factors in the basin 
which are not common to the region. Or it may be

11
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Figure 6. Curve for- determination of Mean A_n_n_ua1 Flood 

precipitation during the period of record intervals in basins with relatively large lake 
was pat repres;entative. of the 1o_n,g—term condition. areas tend to be, lower -indicated by the 
In the latter case‘, ‘the ‘regional curve may prove reg‘-ionalv-curve. This is not supported, however, 
to be better in the long rtm. data in some other basins such as G15 Machias 

. . River and G18 'Medmmekeag River. The difference 
In this basin, the surface area of the bet-'W¢.e.i1 the W0 C!-11'Ve5 in Figure 8 may be 

lakesis, about 11 per cent of the total area attributable to other physical facftors’ or to . 

‘ of the drainage basin. It might be concluded sainpl-ing effects. in the distributiionv of ,-;pr‘ecipi- 

that the flood ratios at higher recurrence tation-. . .

. 
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Figure 7. Curve for the determination of A5 

Although personal judgement cannot be 
eliminated thiej’ cofist.ruct~ion of frequency 
curves for gauging station sites, the following 
generalities be of some assistance: 

(a) 

(b) 

The shorter the period of streamflow 
records, the more weight should be 
given to the regional approach, 
providing there are no _obvious' pe- 
culiarities in the drainage basin 
under study. 

Where some adjustment to the curve 
der'ive‘d by the regional approach is 
advisable‘, an adjustment to the mean 

(c) 

annual flood obtained the re-. 
gression equation provide a V 

satisfactory‘ solution.‘ An exaitjplegof 
this is shown in Figure 9, where the 
adjusted curve is obtained

_ 

adjusting the mean annual flood to 
that derived from the station data 
‘and ‘then applying the regional 
frequency curve. 

Where there sigitificant‘ natural-
” 

or artificial reglllitifin of flow above 
‘ the gauging station, the curve based"- 
on the recorded data shouldbe given 

‘ more weight, particularly if the 
period of record is ‘relatively long,

13
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Figure 8. Flood frequency curve for Fish River near Fort Kent. 

APPLICATION OF THE REGIONAL FLOOD FREQUENCY CURVE T0 UNGAUGED DRAINAGE .BAsI_Ns 

The problems associated with the applica- m_agnitude_of the f10°d With that 1'6‘ 

tion of the regional_ flood frequency curve to Cufrence .1n'¢e1'Va1- 

ungauged drainage basins will usually fall into 
one of the following three categories: H 

(b) A flood of specified magnitude is 
(a) A recurrence interval having been lmowne, and the recurrence -interval 

selected, it is required to know the of such a flood is required.

14
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Figure 9. \Flood frequency curves for Darmouth River near Cortéréal. 

(c) A flood frequency curve for a full 
range of recurrence intervals up to 
100 years is required. 

To solve a type (a) problem, the following steps 
b are carried out: 

(1) The desired recurrence interval is 
selected and the equivalent flood 

ratio_is read from the regional flood 
frequency curve shown in Figure 4. 
It must be stressed that ex 'apo1ation 
of the regional flood frequ éy curve 

.beyond the 100-year recurfenfie intere 
val is not recommended. Studies of = 

floods of such a magnitude require 
special treatment and.are beyond the 
scope of this report. -

15



(2) The mean annual flood is computed 
. tfrom regression Equations 1 or 2, 

(3) The mean annual flood is multiplied 
by the equivalent flood ratio Obtained 
in Step 1 to give the magnitude of 
the flood with the selected recurs 
rence interval; ' 

The solution of a type (b) problem is carried 
out in the following manner: ' 

(l) The mean annual flood for the basin 
is computed. 

(2) The known flood is divided by the 
mean annual flood to give the flood 
ratio. . 

(3) The desired recurrence is read from 
the regional flood frequency curve. 

To solve a type (C) problem. the following steps 
are carried out: H 

(1) The mean annual flood is computed. 

(2) Flood ratios for a series of recur- 
rence intervals covering the required 
range are read from the regional 
frequency curve, 

(3) The mean annual flood is multiplied 
.by the flood ratios to give the 
magnitudes of the appropriate floods. 

(4) The floods are plotted at their 
corresponding recurrence intervals 
and a curve is drawn through the 
points to produce the required 
frequency curve. A 

COMENTS ON THE APPLICATION OF THE REGIONAL FREQUENCY CURVE 

1. The frequency curve derived from the 
regional curve by the application of the proce- 
dure described in this report, appears to deli- 
‘neate satisfactorily the distribution of re- 
corded annual floods at 19 of the 30 stations 
considered. 

At four of the stations, G11, G65, G70 
and G75, the regression equation appears to give 
a satisfactory solution for the mean annual 
flood, but the regiona1_frequency curve appears 
to be too steep. These basins do not form a 
contiguous area within the region, nor do they 
appear to have any topographical features in 
comon that do not apply to the rest of the 
region. Thus there is no apparent reason for 
the difference in slopes, and it is not clear 
if they are attributable to unknown parameters 
peculiar to these basins or to sampling errors. 

At four of the stations, G3, G24A, G71 
.and G77, the regression equation gives a value 
for the mean annual flood that is significantly 
different from that indicated by the recorded 
data. The computed mean annual flood is 
appreeiably higher at one station, G24A, and 
lower at the other three. These basins do not 
appear to have physical features peculiar to 
them, and there is no obvious reason for the 
'apparent anomalies. 

At three stations, G10, G15 and G16, the 
derived frequency curve is not a good repre- 
sentation of the recorded data. The period of 
record at these stations is short, however, and 
it is possib1e_that the regional curve is a 
reasonable definition of the long-term charac- 
teristics of the basins. Or again it is possible 
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that there are unknown parameters peculiar to 
these basins. 

2. A thorough discussion of all the aspects 
of regional flood frequency analysis is beyond 
the scope of this report,but one more example 
might be mentioned. The highest flood on record 
for station G27, Little Southwest Miramichi River 
at Lyttleton, plots so far from the curve derived 
by the regional approach as to cast some doubt 
on the validity of the curve. This can be 
clearly seen in Figure 10. 

The flood in question occurred in the 
latter part of May 1961 and was caused by very 
severe rain on a saturated watershed, in which 
the flow in the drainage channels was receding 
from the peak of the snowmelt runoff about two 
weeks previously. The snow cover of the pre- 
ceding winter had been appreciably above normal, 
and the rainstorm was the heaviest experienced 
in New Brunswick in the forty—five years of 
record from 1922 to 1966, One of the principal 
storm centres, where a total of 10-inches of 
rain fell in 72 hours, lay directly over the 
Little Southwest Miramichi basin and less than 
five miles above the gauging station. 

The frequency curve shown in Figure 10 
indicates that the resulting flood may have been 
one of 0.33 per cent probability or the flood 
with a 300-year recurrence interval. 

The combination of the heaviest rain- 
storm in 45 years, occurring only two weeks 
after the peak runoff from the melt of an above 
normal snow cover, and the stonn lying directly
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over the basin and centred only a few miles 
upstream of the gauging station, was obviously 
an occurrence of very low probability. A 0.33 
per cent probability for the resulting flood 
peak does not seem tmreasonable tmder the 
c1ircums_tances. 

» The‘ period of record at the station was 
short, only- 15 years, and thus the low-probability 
flood had a significant influence on the slope 
of the frequency curve based on the recorded 
data. The rainstorm had a similar effect on the 
Curves for_ two stations on the ‘Tobique River, 
G16 and Q17, whose periods of record were also 
short. The Tobique Riverbasin is adjacent to 
the Lit»t,_1e"Southwe,st Miramichi basin, as are the 
Nepi_.sig'u_it and Upsalquitch River basins. The 

severe" rainstorm covered all these basins, but 
its effect. on the frequency curve was less at 
stations Gl7A .6 Tobiqu_e‘R_i‘ver at NaI'I‘°W5.a G22 '- 
Upsalquitch River at Upsalquitch, and G24A _ 

Nepisiguit River at Nepisdiguit Falls, where the 
periods of record were longer. ‘ 

3. Figure 11 shows the regional frequency 
curve and the indiv-idual curves for the 30 I 

stations considered-. It can be seen that the 
curves for the three stations with short periods 
of record affected by the °severe'rainstorm in 
1961 are relatively steep and lie farthest from 
the regional curve. It is possible that had 
the records been longer at G16, Gl7_ and G27 , 
their frequency curves would be closer to the 
regional curve. ' 

RECURRBICE INTERVAL IN YEARS 
,3 

DISCHARGE 

(1,000 

CFS) 

l.Ol 
' ' 

. |.l 
_ L4 I5 . 2 :3 

Figure 10. Flood frequency curves for Little Southwest Miramichi River at Lyttleton. 
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béttei‘ definition of the regional it 4. 
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The regional Figure 3 

curve--might:’;eh£tve be€j.§jIf1,eobt‘a:‘ined if the prej1‘imi.nary » 
. beeri'con‘1pared)_to those deve1oped_V:fojé the 

‘curves had been weighted e‘e"”*ofrdin‘g to the‘ 'p'erio'ds » State ‘of New York by, the‘ U..S.~ Geological survey 
of Vrecofird beforje. of their mean, A do-dperetion with New York, jstatae (R.ob'i§fio‘n._ 

-eniethod for the Curves is not suggested 
' " 

1961-). Curve "A" in the U_S(;$' a‘p'p1icab1e 
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bility for fut.u.r'e _ 

V 

. State. It is almost identical to, the 
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developed quite independently in this study, 
aS Shown in Figure 12. It can be seen that the 
lcurve for the New Bruswick region was developed 
by the Gumbel Method, which produces a straight 
line, yet it is in close agreement with the New 
York curve, which was developed_according to 
methods described by Dalryple (1960). 

When the two areas are studied in a 
broader context, it is noted that they lie on a 
line which strikes nrtheast in a direction 
parallel to_the usual path of the extra tropical 
storms common to that part of the continent. 
It is possible, therefore,-that the regional 
curve may be applicable to a strip about 150 miles wide, south of the St. Lawrence River, 

RECURRENCE mntnvntlu YEARS 
l.2_ L3 1.41.5 3 4 

FLOOD 

RATIO

~ 
A reaching from Lake Erie to the Gaspé Peninsula. 

_ _A general equation for the mean annual flood was not developed in the New York study, and the basic data were not available in the preparation'of this report with which to test the applicability of the mean anal flood equation over the broader area. ' 

The similarity between the two regional curves is mentioned as a matter of interest and as a suggestion for possible future inyestigation. In the meantime, the mean annual flood equation and the regional frequency curve cannot be re: commended for use outside the region considered ‘ 

in this report. 

6 78910 
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Figure 12, Regional flood frequency curves compared.'i 
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CQNCLUSIONS_ 

1. A flood. frequency C'uI"v_e can be .der.i.ve.d 

by the{:;qe’thoqs' described in this I"epoI}‘t- for 
ungauged. d. inagejbasin, in -the region 7sh9wn— on 
Figure 1.; Minor adj‘ust’ments totiuthe ufve-for 
characcteristrics peculiar-to -the basin m_ay.b¢ 
ne.<;Z.ess_aI_'y:.— Exp.erience at gauging station sites 
may help the user to employ his "judgement in 
this respect. 

‘ 

. 
. 

4 

. 
J’ 

.

g 

2; 
' A flood frequency curye.may also be. 

_constmcte_d for a gaugingstation site»w,ithout«- 
re'fer'ence ‘to. the records available. "I'his_curve 
should be compared to that derived from the 
records,- and the final curve selected -from the 
comparison of the two results-. The judgement 
of the user will have to be‘ employed in weighing 
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