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The recorded streamflow data consisting of typical
streamflow parameters; annual mean flow, monthly mean flow

and daily mean peak flows from the Pernbina River basin, were

analyzed with various statistical techniques including non-

parametric analysis, simple statistics, regionar regression

and correlation analysis. The examination of the streamflow

data atternpted to identify any generar relationships or

anomalies in the streamflol¡¡ parameters and the possible cause

of the anomalies where appropriate.

rt hras found that nonparametric data screening is a good

generar tool for identifying anomarous station records.
Plotting the sample statistics versus drainage area indicated
that the mean, nedian, standard deviation, range, maximum and

yield !ìrere well related to drainage area, and outlier detec-
tion technigues based on these rerationships were used to
identify anomalous station records. The correlation analysis
identified station groupings which were hydrologically
reasonable and determined the over]ap of station records in
the basin.

Minor problems with the hydrometric network of the basin

v¡ere identified such as: no stations wíth drainage areas less
than 50 km2, overflow above pembina River near Neche

(05oc004) is unaccounted for, and several- stations were

located near to structures and the streamflow records at
these stations .r" ui"cted by these structures.
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1-.1 GENERAL DESCRTPTION

The increasing development of the water resources of the

world has led to a need for accurate infonnation to be sup-

plied to planners, designers and ultimately, policy makers.

Since accurate streamfLow data is a fundamental tool for
hydrologj-sts and water resources planners, the availability
and accuracy of this data is of vital importance. The

conversion of streamflow data from detailed, raw measurements

to the useful, refined discharge data needs to be completed

precisely and efficiently. In order to be useful, the data

must be present.ed in a manner such that ít is accessible and

beneficial to the user, while keeping the cost of processing

data to a minimum.

The planning and implementation of water resources devel-

opments in canada requires accurate information in order to
make informed decisions. The hydrometric network system then

plays an irnportant role in the provision of such data. In
canada, the water Resources Branch of Environment canada

designs, reviews and evaluates the hydrometric network and

attempts to optimize the resources spent on monitoring

streamflow. The I{ater survey of canada (wsc) , a division of
the water Resources Branch of Environment canada, has been

given the responsibitity of measuring, documenting and

còmpiling streamflow data in canada. since 190g various

federal agencies have been providing hydrornetric survey
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services, and since L975 cost-sharing agireements with the

provinces have been established which support the operation

of the network. fncluded as part of the hydrornetric survey

services is the production of streamflow data publ-ications

from which hydrologists and other data users may find flow

information for streams and rivers in Canada.

Many authors, such as Rodda 1L969l I Moss 1L979), Moss

ll982l and Langbein U-9791, have discussed the concept of
hydronetric networks and have offered design philosophies.

Other researchers, including Fiering []-9651, Maddock lI974l
and Switzer L1,9791, have introduced network design approaches

based on information transfer technigues. Complex statis-
tical too1s, such as sguare-grid regionalization (SoJ-omon

LL972l) | kriging technigues (Villeneuve et al. 1L979) , Bastin

et al. []-9841) and Bayesian statistical approaches (Wood

1L979l I Gries and wood [ ]-981-l ) have arso been proposed as

possible network optimízation technigues to be used in the

data network design and review process. These researchers

have treated the design of a hydrometric network as a problem

of statistically sampling variations in a streamfl-ow

parameter, both in space and time.

L.2 Network Review in Canada

Hydrometric networks in canada have been reviewed and

eval-uated in various studies over Lhe past few years.

Shawinigan [ !9701 , on behalf of I,{SC, used sguare-grid
regionalization to evaluate the hydrometric network for
western and northern canada. Both Environment canada lrg74l

2-



and Acres lL977l studied the economic worth of hydrometric

data collection and evaluated hydrometric networks based on

this information" Kreuder ll979l described the work of WSC

in the classification and evaluation of the hydrornetric

network in British Columbia.

The hydrometric network of Manitoba was reviewed in
studies by Bowering and Bilozar lL97Z, 19gOl, which included

data use surveys, instrumentation and structure regui-rement

examinations, and interstation regression analyses. The data

use surveys were used to identify stations which were

instal-red for a specific purpose and then mad.e redundant by

the cancellation of that specific project. The interstation
regression analyses were used to identify those stations for
which operations courd be suspended based on the predictive
pos¡ers of the interstation regression eguations.

For example, prior to L977 the hydrometric station shelt
River near Robrin (o5MDoo7) recorded fl-ow year-round. Based

on the recommendations of Bowering and Bilozar lrg72, 19gol,

the months of operation for this station vüere reduced in Lg77

to cover the period March to June" This reduction in the
months of operation was possible because an acceptable

correration hras found with monthly mean flows recorded at
Shell River near Inglis (05MDOO5) "

water survey of canada is in the process of reviewing the
established hydrometric networks of canada. An integral part
of the review process is an-evaluation phase to assess the
information that is available in the collected data. The
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main parts of the network evaluation include routine data

reviews, procedural checks, data use survêys, error analysis,

hydrologic analysis and research of any data anomalies.

The long-term objective of a planned group of studies, of
which this study constitutes one part, will allow wsc to make

reasonable design choices when the hydrometric networks of
Manitoba are to be reviewed and upgraded. Future fiscal
resources allotted to t{sc are somewhat uncertain. since the
pressures of northern development continue to grow, decisions

regarding redesign and expansion of canadian hydrornetric

networks may soon be required. The long-term goals of the

course of study being taken by l^ISc include reasonabre

criteria for station discontinuance in southern canada, while
also providing basic design objectives and guiderines for
design of hydrometric networks in northern Canada.

This current study is a smalI component of the network

evaruation process and involved the examination of the pub-

lished streamflow data for a basin-wide hydrometric network.

This examination used sirnple statistical technigues to
identify generalizations and anomaries in the observed

streamflow data" The statistical parameters of concern and

anomaries discovered vrere then able to be investigated in
more detail using conventional review procedures. The study

was also concerned with the examination of the historical
data using several statistical techniques as a component of
network review and evaluation"

4-



The principal direction of this study is that the

investigation of basic relationships and anomal-ies that occur

in the data of present networks in the south of canada will
help in the review and design of networks in both the
southern and northern regions of Canada.
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2"L SCOPE OF TEIS STTTDY

Streamflow data consisting of typical streamflow para-

metersi annual mean flow, nonthly mean flow and annual daily
mean peak flows from a study basin, \,{ere analyzed with
various statisticar techniques including nonparametric anal-
ysis, simple statistics, regional regression and correLation
analysis. This investi.gation attempts to address two

distinct issues:

2. PROBI,EM EVAI;UATION

l-. To identify any general relationships in the stream-

fl-ow parameters as well- as any anomalies in the data.

To investigate anomalies for possible causes where

appropriate.

2.

2.2 STUDY .AREA

The area chosen for the investigation was the pembina

River basin, vrhich lies in the south-centrar portion of
Manitoba in canada, and in the northeastern portion of North

Dakota in the united states (see Figure 2. j-) . The western

boundary of the basin is in the Turtle Mountaj_n district on

the ínternational boundary" The outlet of the penbina River
is the Red River" The confruence of these two rivers is at
Pembina, North Dakota, approxirnately two kilometres south of
Emerson, Manitoba and the U.S"/Canada boundary.
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The basin ís approximately 21,O kin in length on an east-

west axis. Its width varies from a minimum of about 30 krn in
the east to a maximum of approximately 60 km in the western

portion of the basin. The total giross drainage area of the

Pernbina River at Neche, âs delineated by PFRA [ ]_993 L is
8 474 km2, of which 50.3 percent is in Canada and. 49.7

percent is in the United States"

The Pernbina River region is part of the rnterior ptains

of North America and is composed of three geographic

subdivisions. The most westerly region is the Drift prairie

Pl-ateau. This plateau is intersected by the penbina

Escarpment area, which represents the second geographic

region" The eastern geographic region, the Red River varley,
is the floor of the glaciar Lake Agassíz and has a very
gentle srope towards the present location of the Red River.
The Pernbina River in this eastern region is a f 1at,

meandering river which incrudes gentle slopes, cutoffs and

meander loops.

The Pembina Escarpment is part of the pernbina Mountains,

which are the deltaic deposits of the prehistoric souris
River, where it emptied into Lake Agassiz. At the escarp-

rnent, there is a sudden rise of i-Bo metres in the level of
the rand, and the Pernbina River has produced a young valley
here with a steep v-shaped cut. The Drift prairie plateau or

uplands area above and to the west of the Escarpment is a

collection of rolling prain and flat areas, interrupted by a

small collection of share mounds which include pilot Mound
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and Nebogwawin butte" The areas around Killarney and.

Hornfield incrude irregular hills and depressions which are

characteristic of tpotholer country. These poorly-drained

locar basins have resul-ted in smalI sroughs and alkali swamps

such as described by Eisenlohr 11-9721 .

The Pembina River itself originates at an el_evation of
about 600 m above mean sea level in the northeastern part of
the Turtle Mountain region approximately 20 km south of
Boissevain, Manitoba. The river is about soo km in length

and discharges into the Red River at an erevation of approxi-
mately 23o m" The river follows a winding course from its
source until it reaches the Pernbina valley Lake area, which

is bounded at the upstream end by the eastern end of perican

Lake and at the downstream end by the outlet of swan Lake.

The vaIley is very wide through this area, and. deep ancient

coulees have deposited fan debris to form natural dams" The

collection of water behind these dams of sediment and alru-
vium have produced a collection of vatley 1akesi Bone,

Pelican, Lorne, Louise, Rock and Swan Lakes.

Downstream of swan Lake the river valley is looo m wide

and 60 m deep and becomes progressively wider and deeper

until the valley is 25oo m wide and L4o m deep upstream of
walhalIa" At walhalla itself, the valley breaks out of the

escarpment onto the frat prain. At this point the river
grade flattens out, and the river becomes slow and meander-

ing" As shòwn in Figure 2.r, the main tributaries in the
Pembina River basin are Badger creek, Long River and Tongue
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River. The minor tributaries are snowfrake creek, cypress

Creek, Mowbray Creek and Crystal Creek"

Table 2"L lists the twenty hydrometric aauging stations
in the Pernbina River basin that are included in this study.
As can be seen in Table 2.r, the stations chosen all have at
least ten years of record, while the rnajority have approxi-
mately twenty years of record" The station pembina River at
Neche (05oc004) is a long-term station with 73 years of
record beginning in 1-903.

Twerve stations are seasonal gauging stations, which are

operated only in the open-water season and are not monitored
year-round" The streamfl-ow data avail-able for these seasonal

stations generally covers the months of March to october, and

the four nissing months (November to February) are not
included in the Historic st,reamflow summary published by

Envíronment canada []-9831. This particular set of twenty
stations r'Ías chosen because the clustering of the records,
both in terms of length and coincident period, was seen to
provide a good data base for the statistÍcal methods that
were to be applied.
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Summary of Gauging Stations in Penbina River Basin

S ÈaÈ1on
Nu¡nber

0soc004

0508007

0508008

0508001

0508019

0508023

050A007

0508016

050A006

0soA010

050A012

0508010

050A008

0508021

050A013

0508031

0508006

0508025

0soB013

050A005

Ståtion Nme

Penbins Rlver
near Neche

Pe¡nblna Rfver
near Hlndygaces

Pemblna River
near Kaleida

Perobina River
near Ls Rivlere

Penbina Rlver
near Swan L¿ke

Peubins Rfver
below Crystal Creek

Badger Creek
near CarÈwright

Snowflake Creek
near Snosflake

Long Rlver
near Holnfleld

Penblna Rlver
above l¡rne I¡ke

Penbfna Rlver
above Diversion

Cypress Creek
near ClearwaÈer

Penblna River
near Kl).larney

Morrbray Creek
near l{owbray

Long River
near Klllarney

Cypress Creek
near Sarles

Cryscal Creek
near Crystal Clty

Pilot Creek
near Pl1ot Hound

l{ary Jane Creek
aE Lå Rivlere

Hldden Island Coulee
near Hansboro

Table 2.1-

No. of Years
of Record

73

Perlod
of Record

l9

1903 - 19801

1962 - 1980

1957 -L969

196J-L977

t962-rs7?(s)

rsez - rggo (s )

1959 - 1980

1961 - 1980

19s9-1980(s)

13

15

DralnaEe Arêa
(kxo¿ )

Gross

10

8470

7s10

7L20

53 10

4970

4480

1520

979

578

544

487

389

355

262

209

L84

153

L47

13s

68. 1

18

Effectlve

10

5366

4462

4t72

3351

3110

27L4

735

245

489

360

328

282

279

168

180

143

88

to2

111

6l,8

20

22

19

T4

rsse-rggo(s)

196,3-1975,(s),

1p59-19s9(s)

1959 - 19ss (s )

rseZ - tgeo (s )

Ls67 -rs76(s)

1961 - 1980

1959-19s6(s)

1963-19s9(s)

196,6-1939(s)

t962-L980

22

22

19

(S) seasonal gauglng staÈlon

1 saall nuøber of years nisslng froa record

LL

10

l9

2I

l8

2L
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The drainage areas for the stations in the Pernbína River

basin shown in lable 2"I were delineated by the Hydrology

Division of the Prairie Farm Rehabilítation Àdministration

(PFRA) [1-983] " The gross drainage area is the physical

drainage area of the basin, while the effective drainage area

has been defined by PFRA as that area which contributes to
the median return period runoff event. The determination of
the effective drainage area developed by PFRA was created to
account for the smaIl depressional storage in a basin that
does not contribute to streamflow in the drier years. fn
certain cases, the difference between gross and effective
drainage areas is significant. For example, snowfl-ake creek

near snowflake (o5oB0L6) has an effective draÍnage area of
only thirty percent of the gross drainage area

overall, the Pernbina River Basin is representative of a

typical sma1I praírie watershed in Manitoba and the resurts
obtained from this study shourd be appricabre to other water-

sheds in the province. Due to the quarity of the streamflow

data in the basin relative to other smalr river basins in the

Prairies, both in terms of the ternporar and the spatial
distribution, the use of the pembina River basin wirr permit

a relativery rigorous statistical analysis. These two

features of the data are the primary reasons for the choice

of the Pembina River basin for this study.
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3.1 B^ASIC PRINCTPI,ES

The statistical technigues used in this study rt/ere chosen

to screen the published historical streamfr-ow data for the

hydrometric stations in the pembina River basin and to rook

for gaps, anomalies and general relationships in the data.

The use of simple statistical techniques in screening the

historical hydrometric data allows a large number of stations
to be investigated guickly while identifying those stations
or areas that reguire a more intensive examination.

The first set of statisticar technigues used to screen

the streamf low data Ì^/ere nonparametric tests for
independence, trend, homogeneity and randomness. These tests
$/ere originally intended to screen data samples which were to
be subjected to frequency analysis but have been used in this
study as a general tool for examining streamfloi,.r data sets.

the second set of screening techniques used sirnple sample

statistics to examine the station streamflow data f.or general

rel-ationships, gaps and anomalies" The mean, standard devia-
tion, skew, kurtosis and other sirnilar sirnple statistics for
the sample were chosen to be examined. A method of convert-
ing seasonal monthly data (March to october flows) to annual

mean fl-ows was developed in order that the statistical
paramet,ers coul-d be compared for both seasonal and year-round

hydrometric stations.

3 " STATISTICAT TECTTNTQIIES
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Certain sample statistics .hrere used to create regional

regression eguations based on drainage area. The statistical
characteristics of these regional regressional eguations were

used to identify anomalous data sets, which were subseguentry

probed for possible hydrologic explanation.

The final set of screening technigues applied to the

streamflow data involved the correlations between the

stations in the basin. The interstation correlation matrices

for each data type were separated into groups using cluster
analysis" The groupings were examined for reasonableness

based on knor,,¡ledge of the basin.

3 "2 NONPÄR.AI{ETRTC STÀTISTICÀI, TESTS

3"2"L Description of Tests

The first set of statistical techniques used to screen

the flow data from the pernbina River basin was a set of non-

parametric tests for independence, trend, homogeneity and

randomness " The package of statistical tests used r^ras

deveroped by shiau and condie []-9801 for the water Resources

Branch of Environment canada and released as a computer

program (NONPARÀ). i

The NONPARA prog:ram $¡as developed in order to screen

streamflow data before it was subjected to a flood freguency

analysis using the Flood Damage Reduction Flood Frequency

Anarysis (FDRFFA) program developed by condie and Nix ij-9781 "

The assumption that the sampre is random, homogeneous, inde-
pendent and contains no trend component is essential to the
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correct application of flood frequency theory. The non-

parametric tests were not used in such a rigorous fashion in
this study but were rather used as screening tools to
identify stations and samples of data for rr¡hich anomalies rnay

be present.

The use of nonparametric tests to substantiate the basic
assumptions of a random, homogeneous, independent data sample

containing no trend component lifted the constraj-nt of assum-

ing or finding a distribution that the data sampres fit.. The

nature of these tests also permits the use of fewer data than

wourd be needed if parametric tests v/ere to be used. The

extra statisticar pov¡er gained by using parametric tests to
check for independence, trend., honogeneity and randomness is
offset by the assumption of a parent distribution to which

the data sample hords. Most of these parametric tests
reguire twenty or more observations or members in a sample in
order to draw firrn conclusions. Many of the streamflow

records on the prairies are composed of less than twenty
years of record" The nonparametric tests were used, hov/ever,

because they do not assume an underlying distribution and

hence are often more appricable to short hydrologic records.
As r¡¡as noted above, the tests developed by shiau and

condie are able to utilize the availabre data without having
to assume a statistical distribution for the sampre. The

independence of each sampre was investigated using rank
serial correlation. The rank correration within each sample

rdas also used to distinguish any trends that may have been

15



present in the streamflow data. Homogeneity in the stream-

flow data was checked through the investigat.ion of patterns

in the ranking of the data and of clustering within the data"

Randomness r,tras checked by examining the streamflow data for
patterns and clustering" The tests used checked the

structure of the data and were able to identify significant
anomalies and aberrations within the data at specified confi-
dence Ievels.

3.2.1.L Independence

The assumed independence of a sample is important when

conducting a freguency analysÍs on strearnflow. Non-indepen-

dence in the sample would indicate that the magnitude of one

flow is influenced by the previous flow" An example could be

illustrated by considering two flood flows on a stream in one

year. In a partial duration flood frequency analysis, âhy

flood above a threshold ís considered part of the flood

sample if the floods are independent. If, however, the

second flood ín the year is actually caused by conditions

that make it dependent upon the first flood (i.e.large
storage in the basin or a rainstorm that is broken by a

períod of light precipitation), the second flow value should

not be included in the flood series. In this study,

nonindependence in a series may indicate anomalous data that
should be checked for physical reasons as to why the stream-

flow data is nonindependent, ê.g. large upstream storage or

flow regrulation.
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In order to check a sample of a certain size N for inter-

na1 independence, the test must be able to decide whether,

within the sample, the probability of occurrence of one event

is influenced by the occurrence of another event. The test

chosen to perform this task $/as developed by Glasser and

Winter [ ]-961-l and measures the internal independence in a

tirne series through the checking of the significance level of

the Spearman rank correlation coefficient between the ith and

the (i+L)th observation throughout the N-L pairs of the

series.

The actual procedure for use of the Spearman correlation

coefficient to test two samples for independence, âs is the

case in this study, $¡as developed by Daníels [L950] " If the

Spearman rank correlation coefficient in this test is not

shown to be significantly larger than zero, independence is

assumed" In a strict mathematical- sense, however, this

condition does not define independence but !ùas assumed by

Shiau and Condie [1-980] to be practically correct in this

situation"

The nuII hypothesis of the test is that there is a

tendency for the larger values in each of the samples to be

paired together. In this application of the test, the inde-

pendence of the sample is assumed correct when, in the time

series, the larger values do not foll-ow the larger values

That is, the next yearrs flow is not dependent upon the

previous year ¡ s f low. The parametric count.erpart to the

Spearman rank correlation coefficient is the Pearson

T7



correlation coefficienL, assuming a normal underlying

distribution, whÍch could be used in a simílar testing
procedure.

The procedure used to determine the levels and

significance of the Spearman rank correlation coefficient in

this test of independence is as follows:

The time series Qi, with i ranging from 1 to the sample size

N, has ranks assigned starting from the smallest observation

to the largest" Using the rankings of the a series, ttüo

other series are created, b and c, which are denoted as:

Ql-, Q2, Q¡ Qi. Qw-r with b1 representing the rank o¡ Qi

and

Q2, Q3, Q+ Qi Q¡ with c1 representing the rank o¡ Qi

This b and c are, respectively, the rankings of the tirne

series Qi, with the largest value Qtq onitted and the ranking

of the Qi series offset by one, with the Qf value rnissing.

In both cases the size of the time series is N-l- as opposed

t,o N in the original series "

The Spearman rank order correlation is then calculated by:

s - I/2 (xbi2 + E"í2

where: xbi2 : (ro3 - m)

tci2: (m3 - m) -
1,2

- xdi2) (tbi2 * Ici2)-1/z

lTtr

x{c

l_B

(3.1)

(3.1a)

(3.1b)



the summations

d1

m

The terms in Tp and

ranks and are computed

the difference in rank between bi and ci

N- t-

are over the rn pairs of b1 and c1

If two observations in the b series were tied for the ranks

of 20 and 21-, both observations are ranked at 2O.5. If three

observations are tied, all three observations receive the

niddle ranking.

lC

AS

Then, for each

TporTc:

adjust the coefficient for tied

in the followingi manner:

where p = the number of observations tied
rank.

tied set,

(p3 - p)-----T

Ignoring the tied terms, Eguation 3 " L becomes

g: i- (6 Edi2)
(rn3 - m)

which is the more fainiliar

tion coefficient"

Tp or Tg is computed from:

As reported by Stuart []-956I, the asymptotic relative

efficiency (ARE) of the nonparametric, Spearman rank correla-

tion coefficient relative to the parametric regression test

is 0"98 if the underlying distribution is truly a normal dis-

tribution" This measure of the power of the statistic gives

a compact indication of the relative efficiency between two

tests "

(3 "2)

forrn of the Spearman rank correla-

(3.1c)

at a given
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For N greater than 1-0, the distributíon of the value

r .1\2
t : Slm-2 I

lr-szlLI

is sinilar to the Studentts t-distributÍon with m-2 degrees

of freedom. For a given significant level r a one-tail test

of significance r^tas used. Statistical- tables outlining the

t-distribution can be found j-n texts such as Haan 11977 I and

Kennedy and Neville 11,976J.

For N less than 1-0 and certain significant leve1s cL I

tables are available (see Conover lI97Ll p 390 or Gibbons

lL976l p 417) to define the region of rejection for a com-

puted S value" The program package supplied by Shiau and

Condie []-9801 incorporates this table and internally checks

the significance of the Spearman rank correlation coefficient
at the O.05 and O.O1- probability levels.

3 "2 "L "2 Trend

A simple method for testing a time series O for the

presence of trend was accomplished by examining another

application of the Spearman rank order correlation coef-

ficient" Due to the possibility of gradually changing

conditions within the basin, there may be an observable trend

in the time series data. If a trend $¡ere identified in a

flood frequency analysis sample, its trend component could lce

extracted from the f l-ood series " An exarnple of this case

would be an increasíng diversion into a stream upstream of

20
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the station under study. This increasing diversion could

then be catculated and subtracted from the fLood series in

order to detrend the sample"

The nonparametric test, which \À/as used in this study,

checks for significant trend within the data usíng the fol-

lowing procedure:

The time series Qi, with i increasing from 1- to N, has

ranks assigned to each Qi. From this ranking is created

the series z, which is denoted as:

Ql-, Q2 ai Q¡¡

and also the series

r, 2 . i . N
with ti representing the

The Spearman rank order correlation coefficient S is then

calculated as in Equation 3.t, except for this set il=N,

Tt:O, and the summations are over the N pairs of ti,zi"
This leads to:

v¡ith zi representing the rank o¡ Qi

g = r/2 (xti2 + tziz

where: lt12 : (N3

chronological position o¡ Qi

Ezíz =(r¡3-¡l) .-ETz
L2

d1 : the difference in
zí for that i.

N)

rdi2) (xti2 s tzi2)-a/z

a2

rank between t1

(3.4)

(3.4a)

(3.4b)

and
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A slight change in Eguation 3.3 for this test yields the
function

r r1\2t = slu-z I

lr-szlLI

which has a distribution similar to Student's t. wíth N-2

degrees of freedom" Since the nuII hypothesis is that there

is neither any upward or downward trend with time, a two-

tailed test was used with the chosen leve1 of significance c.

Again, for N greater than l-0 the above function ho1ds, while

for N less than l-O the same tables used previously to test
independence srere applied to define the rejection region for
a specified leve1 of significance a,

3"2"L"3 Homogeneity - Þfann-I{tritney Sp1it Sanple Test

Homogeneity within a sample in terms of the mean assumes

that no jump or abrupt change occurs during the sampling

period that would unduly infl-uence the mean of the sample.

An example in basin hydrology would be the creation of a

large reservoir that intercepts a large portion of the

streamflow. If the sample is internally homogeneous with
respect to the mean, splitting the sample would yield two

subsamples having no d.iscernible difference in their means.

If an abrupt change did occur during the period of record,

the data sample would be inhornogeneous if a significant dif-
ference was discernible in the means of the subsamples taken

before and after the change"

(3.5)
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The parametríc test that could be applied to the

subsamples in order to test for hornogeneity in the means is
the Studentrs t-test. However, the use of the t-test would

reguire that the underlying distribution of the sample is
normal. Stolte and Dumontier lL977l have shown that the
parent distribution of flood flows for prairie streams is
rarely normal. The probability theory of ranks is, however,

relatively simple in comparison to that for unknown or

diffícult distributíons. Conseguently, the Mann-Whitney

nonparametric test, a rranksr test developed by Wilcoxon

[]-9451 and revised and extended by Mann and l{hitney llg47l I

is useful in testing the means of subsamples for the purpose

of identifying nonhomogieneity within the data. Thís

procedure can test subsamples of varying and uneguar sizes,
an attribute which is particularly useful when known changes

have occurred on the stream. The test checks the

significance of the Mann-whitney u statistic as follows:
The data series has ranks assigned following the rul-es

for ties described prevl-ousIy" The series is then split into
the two ranking subseries rl_ and 12 denoted as:

Qt-, Q2 Qnl_
with r1-ir the ranks of e1 in subsample of size n1

and

Qnt+t , QnI+2 Q¡¡
with r?ir the ranks of q1 in subsample of size n2

Parameters U1 , UZ and II are then def ined as follows:
ul = nl_ * n2 + n1(n1+ 1) - srt- (3.6)

2
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U2:nl-*nZ-U1

where Sr1 :

then

The Mann-Vthitney U statistic is therefore a function of

the sizes of the subsamples and their sum of ranks. The dis-

tributíon of the Mann-Whitney U is known, and critical values

have been tabulated. ff both n1 and n2 are less than 2I,

the region of rejection for U has been tabulated as in
Conover lL97Ll pp 384-388. The distribution of U rapidly
approaches normality for n1 greater than 4 and n2 greater

than 20. The standardj-zed variable z is then represented by:

IJ: min(UfrUZ)

n1
t 11í (the sum of ranks

I_J-

(3.7)

in subsarnple 1-)

U - n1n2

and where p : the number of observations tied at a given
rank

(3.8)

Since z ís a normal variate with mean of zero and a

standard deviation of one, the region of rejection for a

given significance level c can be found in tables outlining
the standard normal density, such as in Haan lI977l and

Kennedy ana ¡liitte li,g76l . This test is a one-tail test and

so for example:

24
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and

c :0"05, the region of rejection is z < -l-.645

c : o"0l-, the region of rejection is z < -2.326

As shown by Hodges and Lehmann [1956], the Mann-Whitney

test is almost as powerful as the t-test. If the underlying

distribution is normal, the resulting asymptotic relative

efficiency (ARE) is 0.955. If the underlying distribution is

not normal, Hodgies and Lehmann [L956] have also shown that

the worst that the ARE can be is 0.864, which provides the

user with a powerful statistical tooI, even when the

distribution is unusual or unknown.

3.2.L"4 Homogeneitv - läIald-lìtrolfowitz Split Sampte Test

Unfortunately, the Mann-Whitney test is constrained to
testing the homogenej-ty of a sample in terms of iLs mean

only. The Wald-Wolfowitz Lest is less powerful

statistically, but is general enough to test for significant
differences in the variance, skerrness, kurtosis and mean

between the subsamples" By investigating the number of runs

Rw, as described Iater, within the data, the Ìrfald-Wolfowitz

test (Wald and Ïrlolfowitz I l-94O) is able to detect clustering
in the data" A theoretical homogeneous sample will exhibit a

large number of runs in the data, while inhomogeneity will be

indicated by a lowered number of runs"
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The runs in the data samples were computed as follows.

The original time series Ql_, QZ Q¡¡ is split into

two subsamples on the basis of tirne. Subsample 1- is com-

prised of n1 values of QL, Q2 Qnf, while

subsample 2 is composed of n2 values of Qnt+t, Qn1+2

Q¡l where n1 + n2 : N. The entire sample is ordered

in descending order, and a run is then defíned as a sequence

of flows (or a lone flow) from the same subsample in the

ordered set. For example:

consíder the time

l_5 l_3 16

subsample

with rl_ : n2 - 5

The corresponding

are

series of

20 l_t-

1-

a

subsample

Qts with nl- : n2

26 A7 18

subsarnple

RsI : nurnber of runs =

ordered set and

26 23

22

run

Ties pose a problem with this nonarametric test.
IdeaÌIy, to ties should occur because, in the derivation of
the !{ald-wolfowitz testing procedure, the assumption was made

that the subsamples have continuous populations. This does

not hold for hydrologic data since measurements fol-Iow round-

off rules, and thus the sample distribution is discrete

26

20

t_

run

1,9

2

1S

23

L9 l-8 1-7

222

run

subsample membership

1,6 1-5 t_3

1l-l-

l_ 1_

t_

run



instead of being continuous. Practically, ties become a

problem only when ties are split between subsampJ-es. If

members of one subsample are tied with members of the other

subsample (a group k), there cannot be a single way of order-

ing the members, and hence this means that there is not a

single Rw va1ue. For each group k of ties across subsamples,

where there are f sets of rlrs and g sets of r2rs of equal

val-ue with f>1 and g>L, then there .r" /, * g\ hrays to break\ r 'l
the ties. So, if there are k groups of ties across the

subsamples, then the total number of ways d to resolve the

ties are:

k

":lf (";,')
Of these d ways to break the ties, one single combination

has the largest computed number of runs. As is mentioned

below, due to the nature of the test, this largest value

would be less 1íke1y to be rejected by the WaLd-Wolfowitz

test, and hence is the most conservative of all the ways to

break the ties" Unfortunately, for a large number of ties
and groups of ties, the caLculation of d runs becomes

prohibitive, and ín the case of the NONPARA program supplied

by Shiau and Condie [ 1-980 ] , the Wald-!,Iolfowitz test is not

run on data that has ties between subsamples.

Like the Mann-Whitney test, if both n1 and n2 are

less- than 2I, tables have been computed that define the

region of rejection given a significance 1evel a (see Conover

(3.10)

27



1L971,l p 4L4) " ff the number of runs, Rw, ís less than this
critical value, the sample ís said to be inhomogeneous at the

significance level being used. For nl_>4 and n2>2O, the

sampling distribution for Rw approaches normality, with the

standardized variable z being represented by:

Rw- [,

Since z ís a normal variate with mean of zero and a standard

deviation of one, the region of rejection for a given

significance leve1 c is easily found in any table outlining
the standard normal density function (as with the Mann-

Whitney test). This test is a one-tail- test and so, for
given l-evels of signíficance, such as:

2n7n2 (2n1n2:nfnZ)
(n1+n2)2 * (n1+n2-1-)

1\2

c = 0.05, the region of rejection is z > I"645

and for
c : O"Ol-, the region of rejection is z > 2.326

The Íriald-worfowitz test is a very general test, and it is
this generality which affects the power of the test. The

test is unable to differentiate between nonhomogeneity in the

mean (location difference), varÍance (scale difference) or
skewness (direction difference). Asymptotic relative

( 3 . r_1_)
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efficiency can be calculated only for specific alternatives,

e.9., differences in a sample with respect to the mean or

with respect to the variance. Since this test is not

specific about where the nonhomogeneity originates, povrer

comparisons for this test are not truly representative of the

Wald-Wolfowitz t s performance.

Although the type of inhomogeneity (i.e. with respect to

the mean, variance or skew) is not i-ndicated by the Wal-d-

Wolfowitz test, if the I{ald-Wolfowitz test in this package is

run parallel to the Mann-!{hitney test, a hypothesis of

inhomogeneity with respect to the mean is strengthened

through the use of the Mann-Whitney test. If the Mann-

Whitney test does not show inhomogeneity in the mean and the

!.Ia1d-I{olfowitz test shor¡rs that inhonogeneity is present, the

inhomogeneity is most likety to be in the variance or skew of

the sample.

3"2"1-"5 Randomness

Flood freguency analysis theory dictates that a flood

series be random since, if there ís a cyclic pattern in the

data or an abrupt change in the mean of the sample, the

probability distribution of future events would be difficult

to predict based on the overall Inonrandomr sample" The

testing of randomness by the Runs Test investigates cluster-

ing in the data by counting the runs above and below the

median. ït is similar to the tr{a1d-V{olfowitz test in that
the sample is divided in two by choosing a group in which to

29



put each observation" While the hiald-Wolfowítz test used a

tine split sample to divide the sample, the Runs Test uses a
pivot point to divide the sample. By choosing the median as

the pivot point, the probability of exceeding the median is
always 0.5, regardless of the underlying distribution.

The sample median is calculated as the middl-e observation

when the sample is ranked in order of magnitude. The series

is then placed in chronological order, and the value of the

observed flow is compared to the median. A run in this test
is defined as a sequence of flows (or a lone flow) that are

all from the same side of the focal point, in this case the

median. For example:

Consider the time series of Qts chronologically ordered as:

a - l_5 l-3 l_6 20 1_t_ 26 L7 18 l-9 23

with a median of L7.5-

and

get

If rrArr represents an observation being above the median

rrBrr represents the observaÈion being below the median, we

(median : 1-7"5).

a

symbol

l_5 L3 l-6

BBB
run

Rm : number of runs

Ill_ = 5, n2 = 5

20

A
run

1_ 1_

B
run

:6

26

A
run

L7

B
run

18

A

l-9

A
run

29

A
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rf the median is an observed varue, this value is ignored in
the calcul-ation of the runs.

The sampling distribution of Rn is known and can be found

in tabular form in Gibbons 11-9761 pp 424-429. This test
involves the use of a two-tail probability, and so upper and

lower critical values are available for varying significance
levels. rf the number of runs is above the upper critical
leveI, it indicates a cyclic pattern is present. rf the
number of runs is bel-ow the lower critical l-evel, âh abrupt
change in the sample is indicated.

For n1 and n2 greater than zo, the sampling distribution
of Rn tends to normality, and so a N(o,l-) variate z can be

formed by:

Rm-

This is the right tair variate varue and, since the test is a

two-tail test of significance, the region of rejection is
defined as:

[,.

2nLnZ(2ntnZ-nt-nZ)
1n1+n2¡2 * (n1+n2-1-)

2 n2*n2
n1*n2

z>
z>

L"970fors:0.05

2"326fors:0.01-

The l{al-d-lrlolfowitz runs test is derived from this gieneral

runs test, and the similarity can be seen in Eguations 3.1_l_

1/2

(3 .1_2)
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and 3.L2, except that the general runs test does not adjust
the computed runs for discretization. The overal-l pov¡er of
the runs test lies in its simplicity and ease of use.

3 "2"2 Data Investigated

The nonparametric statistical tests described above vrere

used to screen streamflow data recorded at the twenty hydro-

metric stations under study in the pembina River basin. The

data to which these tests were applied rüere extracted from

the Historicar streamflow summary for Manitoba published by

Environment canada i19831. The two particular flow param-

eters that r^rere investigated using these tests were the
maximum daily means (daily peaks) and the 'period means.fr

The maximum daily mean is defined as the maximum calendar-day

mean streamflow in each year. The tperiod meanr is the
average streamflow for those months in a year for which

records are complete. rn the study basin, twelve seasonal

gauging stations measure streamflow durj-ng the period March

to october. This períod generarly covers the open-water

season. For these seasonar stations, the period means are

the averagie streamflow for the months March to october. The

remaining eight stations in the basin measure streamflow
year-round, and thus the period mean for these stations is
the average annual streamfÌow.

Two study periods r,üere chosen for these tests. one

series examined all years_ of data that were available for the
stations, è.9. 1-903 to i-980 in the case of station osocoo4.

The second series represented a standard period which covered
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the year l-960 to l-980 and was chosen because thj-rteen of the

twenty stations were established on or after 1960. For all
stations, âL least l-0 years of record are available in this
standard period.

The two nonparametric tests for homogeneity and random-

ness utilize split sample testing. In the initial data

screening, the default option of the program was used, which

arbítrarily divides each period of record into halves (rnedian

period splitting) " If a data screening process to investi-
gate a large number of stations in a basin or group of basins

were t,o be instituted, this automatic method of splitting the

periods would most Iikely be used to quickly assess the data.

The second screening technique used in this study accounted

for any development directry above or below the hydrometric

stations. rn this second case, the streamflov¡ data for the

affected stations vras split into predevelopment and

postdeveloprnent data sets.

Table 3.1- shows the location, capacity and year of devel-

opment of major reservoirs in the Pembina River basin. This

information was provided by the Ìriater Resources Branch of the

Manitoba Department of Natural Resources. It was hypoth-

esized that for data screening purposes, the construction of
these projects may jeopardíze the hornogeneity and randomness

of the streamflow data sets affected by the projects. Thus,

using an option in the NONPARA program, the streamfl-ow data

sets for gauging stations affected by reservoir sites hrere

sprit into predevelopment and postdevelopment data sets
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vrhere possible, hlith each set being tested for homogeneity

and randomness

Tab1e 3.1

Major Reservoirs in the Pembina River Basin

Impounding
Structure

CPR

Project 
_

Crystal
City Dam

Location

NE05 - 01

Killarney
Dnm

NW24- 02-L2

09

Year of
Development

I^I1

Manitou
Dam

Pelican
Lake
Control
Structure

Pilot
Mound Dam

TgTg ,Tg6gL

t962

NE33-02

I,]1

Reservoír
Capacity

(dam3)

L7

sI{09-04-09

!r1

Nf{32-03-15

39

148

Stream
Affected

1956

I4I1

Snowflake
Creek

Crystal
Creek

Rock Lake
Dam

t-95 9

L9l9 ,L966,
r97 6

SI^I1-8-03-11

I^I1

Affected
Hydrometric
Stations

990

1 Urtltiple dates indicate that a series of works were performed at the site
following the initial facílity construction in the year of the first date
on the list.

0508016,0508008
0508007,050c004

0508006,0508023
0508109 , 0508001
0508008,0508007
05OC00l+

050A006 ,0508023
0508019,0508001
0508008 ,0508007
050c004

0508013 ,0508008
0508007 ,050c004

050A012 ,050A010
0508023 ,0508019
0508001, 0508008
0508007 ,050c004

0508025,0508023
0508019,0508001
0508008 ,0508007
050c004

0508023,0508019
0508001,0508008
0508007,050C004

NEO7 - 03

I{1

Long

1 420

000

River

L2

96

L966

l^I1

Mary Jane
Creek

Pembina
River

1,940

555 Pilot
Creek

56 000 Pembina
River
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3.2"3 Results of Nonparametric Tests

The tests for independence, trend, homog'eneity and ran-

domness r{rere applied to the initial screening of pembina

River streamflow data which used the automatic time split
(nedian period) option from the program. Data screening in
this manner showed that both the period mean and daiì-y mean

peak data for most of the Pernbina River stations did not

exhibit incongruities with respect to independence, trend.,

homogeneity and randomness. Almost all- of the stations
passed these nonparametric tests at the sz signíficance
level" The stations for which the median period split data

did not pass the statistical tests at the 5z significance
level are presented in Table 3.2.

Table

Nonparametric Test Results
Stat.ion Data Sets Identified

Nonparametric
Test

Independence

Trend

Mann-Whitney
Hornogeneity

Wald-Wolfowitz
Homogeneity

Randomness

Period Mean Flows

FulI Period

3.2

- Median Period Split Data
Significant at the 52 Level

050c004

050A01_2
0508010
050c004

o50B0l_3

l_960-80

050A01-2
0508008

05080r_3

Mean Daily Peaks

Full Period

050A01-2
050801_9

1-960-8 0

0 50A0l- 2
05080 19
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The station histories from WSC files for each of the faíIing
hydrometric stations were scrutinized for any probtems in
metering or disruptions to the stream regi-me that were noted

by WSC personnel.

Two stations (050801-9 and 050401-2) were identified as

having specific problems which could have led to the

nonhomogeneity or nonrandomness in the data and for which

known dates of intervention were avail-abIe. For the gauging

station Pembína River near Outlet of Swan Lake (O5OBO19),

metering problems h'ere encountered in most years of the short
period of record G962-72) " À shifting shale bottom and

downstream beaver dams affected streamftow measurements at
the station. A large beaver dam was reported in 1965, and so

a developmenÈ tirne split covering this year hras used for
05OB0l-9 in the second screening of the data.

For the gauging station Pernbina River above Pembina River
Diversion (05oAoL2), the gauge hras moved in i-965 because a

nes¡ bridge hras put in. since the gauge was instarled in
L963, this wourd have led to a time split of three years

(i.e" l-963-65, L966-76). However, the statistical tests have

a minimum sample size of four, and thus the data for osoAolz

could not be split 'at 1965. The station history also
indicated that in l-968 a l-ocal farrner built an unlicensed dam

just downstream of the gauging station. This dam may have

affected the measurements. The data sets for o5oAol-2 and

downstream stations were then split at the year j-968 where

possible on the basis of minimum sample size reguirements.
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The consideration of appropriate additional development

and disruption time splits in the data, which differed from

the median period time splits, yielded some supplementary

information" Table 3.3 presents the results of the nonpara-

metric tests for homogeneity and randomness and identifies
those stations (and their corresponding development year)

whose data failed the tests at the 5Z significance l_evel. As

can be seen in Tab1e 3.3, only a few neh¡ sets of data \trere

identified as being inhomogeneous with the differing time

splits.

TabIe

Nonparametric Test Results
Station Data Sets Identified

Nonparametric
Test

Mann-I{hítney
Honogeneity

i.Iald-I.Iolf owítz
Hornogeneity

Randomness

Period Mean Flows

Full Period

3"3

0soA012 (1968)
0soB019 ( 196s)
0soc004 ( 1940 )

0soB001 ( 1968 )

Note: The number in parentheses alongside each station number is the year
of the split in data for which the station failed that tesr.

Construction Tíme Split Data
Significant at the 5? Level

3.2.4 Discussion of Non!¡arametric Test Results

As can be seen in Tables 3"2 and 3.3, very

data sets tested failed the nonparametric

independence, trend, homogeneity and randomness
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0soA012(1968)
0soB019 (196s)

0soB001 ( 1968 )

Ful1 Period

Mean Daily Peaks

0soA012 ( le6B )
0soBo19 ( 196s )

1960- B0

0s0A012(1968)
0soB019 ( 196s )

few of the

tests for
at the 5Z



significance revel" For some tests, only one station data

set out of twenty failed the test. This resul-t then may be

due to chance considering that the sz significance level was

used" Nevertheless, arl data seÈs which failed and the

infornation avaitable on the corresponding stations were giv-
en a cursory examination for possible explanations or rati-
onares for the inabirity of the data sets to pass the

nonparametric tests"

3"2.4"1 Independence

The annual mean streamflow for Pembina River near Neche

(05oc004) for the furl period of record (l-903-Bo) was the on-

ly data set to fail the nonparametric test for independence.

rn this case the spearman rank order seriar correlation
coefficient for independence (s) had a value of o.zLL, whj-ch

from Eguation 3"3 produced a studentrs t varue of t-.goB.

This value is larger than the criticar studentrs t val_ue at
Èhe Seo signif icance rever of r- " 669 , rvhich indicates that
there nay be internar dependence between annual means for
this data set" The imprication of this data set exhibiting
internal dependence is that it is more likeIy that a high
flow volume year will follow another high flow volume year at
the station.

The internal- dependence of thís data set is possibry

caused by the presence of large, regulated, upstream storage
\

projects, natural lakes and the large number of potholes and

sloughs in the basin" The resulting storage and regrulation
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in the basin may cause a carryover from year to year which

would affect the independence of the annual mean flow data

series" The fact that there lras recorded streamflow during

the winter months at 05OC004 in 70 of the 73 years of record

supporÈed this hypothesis" The contribution of the storage

in the basin to a winter base fl-ow rnay be another indication
of significant carryover in the basin"

The test was unable to identify this internal dependence

in the annual mean flows fo5 O5OC0O4 for the shorter standard

period 1-960-80. The Spearman rank order serial correlation
coeffícient for independence was calculated to be -O.l-57.

The negative sign indicated no internal dependence in the

data set and may be interpreted (if the value rrrere signifi-
cant) to mean that in this data set, a year with a large

annual flow volume is more tikely to be followed by a year

with a small annual flow volume" The daily mean peak data

sets for 05OC004 also exhibited no sign of internal
dependence. This could be expected since the peak flov¡ va1-

ues are less likely to be influenced by storage carryover

than the annual fl-ow volumes.

None of the other stations in the basin examined had sig-
nificant internal dependence, a result which may be due to
the shorter periods of record" Recal1 that no internal
dependence was found for 05OC004 for the shorter peri-od

either. Another explanation could be that for the other
stations in the headwaters and on small tributaries, any
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carryover effects thaÈ do exist are less than that for the

downstream stations on the main stem of the basin.

3 "2 .4 .2 Trend

None of the data sets tested were identified as havíng a

significant trend component through the Spearman rank

correlation test for trend. On the prairies, it is likely
that only the development of extensive drainage systems or

major clearcutting would influence the basin hydrologic

regime enough to exhibit trend in the data.

3.2.4"3 Homocreneity

The homogeneiÈy of the data sets was tested using the

Mann-!{hitney and wald-I{otfowitz sprit-sample nonparametric

tests " OnIy one data set T,vas identif ied as being

inhomogeneous using the vüard-wolfowitz test. As !ìras indi-
cated in Table 3.3, the annual mean flows for pembina River

near La Riviere (0508001-), when split at the year 1968, di_d

not pass the wald-worfowitz test" The períod of record for
this station is L963-77i thus the ful-l period of record lies
within the standard period of record 1960-80.

For this developrnent split of the data set, the number of
runs Rw Ì{ere calculated to be 3, which was less than the

critical Rw of 5 specified by the program" This low value

for R!i, indicated that there hras clustering of high values

with high varues and low varues wiìn Iow values within the

data. An inspection of this data set supported this
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statistical observation" I{ith the data split at the year

1-968, it appears that the first subsample covering the years

L963-68 is rower in variability when compared to the second

subsampre (L969-77) " This is further supported by the fact
that this area of the prairies ex¡lerienced an extended period

of low flows in the early t-960rs. This extended rdryr period

would cause row variability for that portion of the overall
record. For the second subsample, 1974 h¡as the largest flow
year on record for all stations in the pembina River basin.
The presence of this high frow would cause high variability
in this part of the sample" The Mann-whitney test on this
data did not indicate inhomogeneity in the means, which

supports the hypothesis that the inhomogeneity is in the
variance or skew of the two subsamples.

For Pe¡rbina River above pembina River Diversion
(050401-2), both the period means and the mean daily peaks did
not pass the Mann-whitney split sampre test for either split
choice. The program automatically sptit the data at the year
L969 for the median period split testing" The tirne split of
L968, which corresponded to the construction of a smarl_

structure just downstream of the station was also used.

Since the difference in the sample splits t¡i¡as only one year,

it is possible that the construction of the small structure
caused the data sets to fail the Mann-9ùhitney test for both
the tine splits"

Another possibre explanation for the inhornogeneity with
respect to the sample mean for o5oAol_2 may be related to the
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period of record (1,963-76) for the station. The low runoff
years in the early L960fs would make up the first subsample.

The mean of this first subsample would be lower than the high

flow years of the early 3-97Ors which followed"

For most prairie streams, the rnajority of the annual

runoff occurs during the spring as a result of snowmeLt. It
is then not surprising that the daily mean peaks for this
station follow the same pattern as the period means and are

also inhonogenous.

The daily mean peaks and the perj-od mean data for pernbina

River near Outlet of Swan Lake (O5OBOL9) fail the tests in
the same manner as station 05O40L2. It therefore seems that
the períod of record (L962-72) for 05080L9 may be responsible

for the inhomogeneity in the data. Another possible exptana-

tion for the inhomogeneity at O5OB0L9 ilêy, however, be the

previously-noted rnetering problems encountered at the

station.

The period mean data for Clpress Creek near Clearwater

(0508010) also failed the Mann-Whitney test" A close

examination of the data and the station history yielded no

ex¡rlanation as to why this period mean data set did not pass

the test. This failure may be d.ue only to chance, since

there is a 5z chance that the nonhomogeneity identified on

the test is due only to normal fluctuations
The annual mean data for Pembina River at Neche (o5ocoo4)

for the full period of record (l_903-80) did not pass the

Mann-T{hitney split sample test for homogeneity. The data was
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split at L943 for the automatic median period sp1it" Thís

split s¡as fairly close to the year of construction for the

Rock Lake Dam, which was completed in 1-940. The Mann-Whitney

test also found the annual mean data to be inhomogeneous when

split at 1-940" The construction of the project may have

influenced the runoff recorded at the station"
Another explanation of the inhomogeneity in the data

could be due to the period of record. The first subsample of
the median period split covered the years L9O3-43, which

included the low runoff years of the l-930ts. The second

subsample covered the years 1944-BO, which included nine of
the top ten runoff years in the 73 years of record. These

high flow years may have influenced the mean of the second

subsample enough that, the Mann-I{Tritney test identif íed

significant inhomogeneity between the means of the first and

second subsamples" None of the other construction splits of
this data indicated a failure through the Mann-vlhitney test.
The influence of these minor upstream projects on the annual

runoff recorded aÈ 05oco04 therefore appears to have been

rather lÍnited"

In sunmary, it appears that the inhomogeneity found in
the data for stations 05oB00l-, o5oAo12 and o5oBo19, all of
r¿hich have relatively short records, ilây have been due

prinarily to the period of record these statj-ons covered.

l{hen the data was split for testing, the low flow years of
the early 1960¡s were gràupea in one subsample and the high

flow years of the early t-9zOrs in the other subsample. Thís
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decrease in variabílity and lowering of the mean due to the

low flow years caused the data to fail the tests for
homogeneity" However, the station histories indicated that
problems in streamflow gauging due to shifting controls and

dam const,ruction were encountered at stations O5OAOi-2 and

05OBOI-9" Both conditions may have helped in creating

inhomogeneity in the samples"

3"2"4"4 Randomness

The period mean streamflow data for Mary Jane Creek at
La Riviere (05OB0l-3) was identified as being nonrandom.

According to the runs test, the data was identified as having

L6 runs above and below the rnedian. This number of runs \^¡as

Iarger than the critical value of l_5 and, hence the data

failed the test" with this large number of runs it seerned

that there was a cycric pattern in the data where each high

streamflortr year was followed by a 1ow streamflow year.

An examination of the period means showed that this
cyclic pattern was evídent in the data" The Manitou Dam is
Iocated above the station and may have substantially affected
the flow in the creek" The reservoir is unregulated, with
the only releases being those spills which occur once the
reservoir level exceeds futl supply revel. The streamflow at
the station is then made up of rocal- inflow from the area

below the dam and any spills from the reservoir. Tn low fl_ow

years the reservoir would not spill, which would cause the
flow at the station to be lower than it would have been

naturally" rt seems that the regulation of the streamflow
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has irnposed a cyclic pattern on the recorded períod mean flow
data at, 0508013"

3.2.5 fmplications of Nonparametric Tests on Data screeninq

For the Pembina River basin certain stations were identi-
fied as having data which failed the nonparametric tests for
independence, homogeneity and randomness. Further examina-

tion of the streamflow data and gauging histories for these

stations usuarly suggested a possible explanation or
rationale for the problem. rn future data screening, th'is
set of nonparametric tests will be able to detect data

samples which are not independent, homogenous and random.

when these tests are appried against the streamflow

records for gauging stations in a region, they wilr aid in
identifying those stations which reguire a croser, more

detailed examination. rn the pembina River study basin, some

of the stations faiting the nonparametric tests had gauging

problems or anomaries in the period of record. problems like
these wourd be of interest if a review rüere being made of a

network" A station identified as being internally dependent

may indicate rarge upstream storage" rf a trend component is
identified, this may indicate a change in ,the streamflow

regime due to changes in land use through extensive drainage

or crearcutting" A data sample being identified as being
inhomogeneous may indicate an abrupt change in the runoff
from a basin. A nonrandom data set may indicate extensive
streamflow regulation causing a cyclic pattern to be imposed

on the runoff. These nonparametric tests will flag those
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stations for which further examination by the network

reviener may be appropriate to see if conditions such as

those suggested above caused the changes or if the character-
istics of the gaugíng station itself changed, ê.g. t gauging

problems due to physical changes in the stream near the

station.

3"3 S^AUPLE STATTSTTCS

3, 3 " 1 Description of' Sample Statistics
The streamflow past a point (station) is the measurable

result of the runoff from the basin, which is a random

process and if all possible values of streamflow are gathered

together, this corlection is carled a popuration. Horrrrever,

onry a smarr portion of the population is collected at a

station (i.e. a sample). From this sample, inferences about

the behavior of the entire population (the popuration prob-
ability distribution) are to be made. rn order to obtain
such inferences, the characteristics of the popuration must

be described with quantities called population parameters.

since only a sampre of the popuration is available, the
sarnpre statistics are used to estimate the population param-

eters and thus the probability distribution.
The simple sarnple statistics that were considered in this

study $¡ere the mean, median, standard deviation, skew,

kurtosis, coefficient of variation, coefficient of skew,

range and maximum" several composite statistics, which

incruded yieId, maximum frow value divided by the mean,
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median divided by mean and maximum flow

ninirnun flow value, rüere also examined.

l-" Mean - The sample arithnetic mean (X)

follows:

lxi
N

r*here:

The arithmetic rnean is a measure of the central- tendency

of a sarnpre, and as such defines the most like1y value of
a probability distríbutj-on and describes the rerative
location of the probability distribution. The mean is
also analogous to the centre of gravity of the probabil-
ity distribution and is the first moment of the sampre

about the origin.
Median - The sample median (Md) is another measure of
central tendency and is the niddle observation when the
observations are ranked in order of magnitude. Thus, the
median is the observation such that harf of the vaLues

lie on either side of the median. rf the number of
varues in a sample is even, the median is taken as one-

half the sum of the two niddle values.

standard Deviation - The sample standard deviation (s) is
an estimate of the dispersion of a population and is the
square root of the variance" The standard deviation is
calculated as, 

-

Xi:
N=

value of ith nember
sample size (number

value divided by

2"

is calculated as

(3.i.3)

sample
members in sample)

of
of

3.
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s = l-r-r¡t--¿r1"'
L (N-1) j

4" coefficient of variation - The sampre coefficient of
variation (cv) is a dímensionless measure of dispersion
which is based on the standard deviation and is carcu-
lated as:

Cv :å
x

5" Coefficient of Skew

is a dimensionless

the sample skew (g),

(N-1)

which leads the

Cs:g

I = N2 x (Xi - 1)3

- The sample coefficient
measure of symmetry and

which ís calculated as:

(3.14)

6" coefficient of Excess - The sample coefficient of excess

(ce) is a measure of peakedness of a probability dis-
tribution in comparison with the normal probability

(N-2 )

coefficient of skew, calculated as:

s3

distribution and is based on

calculated as:

k- ¡q3¡(xi-Î¡a (3.1_8)
(N-1) (N-2) (N-r¡ s4

from which the coefficient of excess is determined as:

(3.1_5)

of skew (Cs)

is based on

(3.l_6)

G.r7)

the sample kurtosis
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Ce = k-3

7 " Range - The sample rangre (R) is another measure of dis-
persion and is calcurated as the difference between the
maximum (Mx) and minimum (Mn) sampre values. The Range

gives the spread of the recorded data.

B. Maximum - The rnaximum (Mx) is the largest recorded val_ue

in the sample and was fert to give another neasure of the

dispersion.

Figure 3 " 1- illustrates these sampre statistics using hypo-

thetical probability distributions.
The above sarnpre statistics are used in many apprications

(not just water resources) to describe observed data. The

following composite statistics were examined as it r¡as fert
that they may carry additionar inforrnation related to hydro-
metríc data and the hydrology of a basin.

(3.r-e)

l-" Yield - The sample yield (yd) is the mean divided by the
drainage area (DA) 

"

Yd=I
DA

2" Maximum divided

another measure

M)ftIN : Mx

X

by

of

Mean (IÐ(l{N) - This parameter provides

the dispersj-on of the sample.

(3.21,)

(3.20)
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-Ce=0(normol)-'-' Ce < 0 (flot)'
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Figure 3 " l_

Statistics Representat.ion
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3. Median divided

another measure

MDMN : Md

x

4. Maximum divided

another measure of

by

of

Mean (MDMN) - This

the skewness of the

mo{r

3-3.2 Data Base

:MX
Mn

The sample statistics r^rere derived for three types of
streamflow data from the twenty stations in the pembina River
basin. The data tlpes investigated \^rere the annuar mean

fIows, the dairy mean peak flows and the monthly mean flows.
The data utilized in the investigation vras taken from the
standard (1960-80) períod of record only. Not all station
records span the entire standard period; however, rarely wil_l

all stations in a basin cover the same period. rt is assumed

that the sample statistics derived trury represent the
population parameters, even though they are based on samples

of various sizes" The implications of this assumption are

discussed in the interpretation of the results of the
investigation.

by Minimurn - This parameter provides

the dispersion of the sampl_e.

(3.23)

parameter provides

sample "

(3.22)
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3"3"2"1- Annual Mean Flows

The annual mean flows, rather than the period mean flows,
!.¡ere chosen for investigation in order that alr stations in
the basin would have a conmon measure. The nonparametric

testing investigated the period mean fl-ow data for each

station because the data checking \das internar to each

station and did not involve other stations. rn such internal
checking, it does not matter that some stations were operated

year-round and others were operated seasonally. However, in
order-to investigate the relationships between the sample

statistics and drainage areas in the basin, the annuar mean

flows \^rere felt to be more appropriate than the open water
(March to october) mean flows. rt hras feared that some

information may be lost by ignoring the winter fLows.

As can be seen in Table 2.L, eight of the twenty stations
considered in this study recorded. streamflor^r year-round. The

annual mean frows for these stations \¡¡ere presented in the
Historical streamflow summary IEnvironment canada, 19g3].

The remaining twelve stations reported monthly streamflow for
the period March to october only. rn order to estimate the
annual mean flows for these stations, the availabl_e seasonal

data was extended by estinating the flow data for the missing
winter months (November to February).

The winter rnonthry mean flow data for the seasonal

stations could have been estimated by using recorded data

from the year-round rnetering stations in the basin -and nearby

basins in a regression analysis or transfer technigue.
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However, relationships in the frow data between stations were

to be investigated, and it was felt that using other stations
in the basin or nearby basins to estimate the winter data for
the seasonal stations may bias or otherwise unduly affect any

relationships for the annual mean data amongi the various

stations 
"

The volume of runoff during the winter months is quite
small in comparison to the totar annual vorume for most

prairie streams. The majority of the annual runoff volume is
due to spring snowmel-t runoff and is sometimes augrmented by

rainfall runoff during the year. Thus winter months add.

little to the annual flow volume unless unusually $¡arm condi-
tions occurring during the winter cause nelting of the
snowpack. rn fact, only an average of 6z of the annuar flow
volume has been recorded for the combined winter months of
November to February at the eight year-round stations in the
Penbina River basin. This recorded winter flow volume varied
from 1-z of the annuar flow for the smaller tributaries to a

high of l-3å recorded at station o5oBoo8, which is located at
the downstream end of the pembina River.

The missing winter mean flow data for each seasonal

station was estimated using an interpolation technigue based

on logarithmic flow recession. A paper by Kiery and Goulter

[1986] provides a fuI1 description of the interporation tech-
nique used in this study. Kiely and Goulter []_9861 arso
provide the resurts of the testing of this technique using
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the recorded urinter data collected at the eight year-round

stations of the Pembina River basin"

since the contribution of the flow in the unrecorded

winter months Èo the mean annual flow is smalr, âhy errors in
annual volume as a result of the logartihnic flow recession

procedure should also be smalr" Testing of the procedure, âs

explained by Kiely and Gourter []-9861, confirmed this
assumption. The eight year-round stations in the study basin

vitere tested for the difference betr¡¡een the annual- mean flows

determined from recorded data and those using the logarithmic
recession procedure. The average absolute difference between

the recorded and estimated annual flows (excluding o5oBoog,

which was influenced by one anomalously high winter fl_ow

volume) hras 22, which was deemed acceptabre for this study.

3"3"2"2 Maxinrrm Daitv Fflean Peak Flows

The maximum daily mean peak flow, i.e. maximum 'daily
peakrt is the largest daily discharge recorded in the year.

The dairy peak values are pubrished in the Historical
streamflow summary [Environment canada, 1983] " rt shourd be

noted that the daily peak flood seríes ín this study incruded

both spring snot¡melt runoff peaks and sunmer rainfall runoff
peaks. The Historical streamflow summary does not
differentiate between the runoff producing mechanisms when

compiling the maximum daily mean peak series. For this data

screening study, the difference between the two populations
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of floods is unímportant but in flood freguency anarysis thís
difference may be of interest.

The Hist.orical Streamflow Summary also includ.es maximum

instantaneous discharges for some stations. However, since

not all statíons record these values and since mosÈ stations
that have recorded instantaneous peaks for only a few years,

this data type was not included in the study.

3.3"2"3 Þfonthlv Mean Flows

The monthly mean flow is the average streamflow recorded

in a month. The rnonthly mean frows for each month of the
year h¡ere investigated separately in this study and are

those published in the Historical streamflow summary. The

estimated winter nonthly mean flows for the seasonal stations
vtere not incruded in the analysis. The anarysis used

recorded monthly flow values for the summer period on1y.

3 " 3.3 Investigration Frocedure and Results

A FORTRAN computer program was written to extract the re-
guired data from the wsc format streamflow data files (see

Environment canada Ii-ggo]), which are used. in the publication
of the Historicar streamfrow summary. This program calcu-
lated the sample statistics from the data thus extracted.
The simple statistics (srMpsrATS) program, which performed

the anarysis of the sample st,atistics described previously,
also included a subroutine for estirnating the winter monthly
flows and hence the annuar frows for the seasonal stations.
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A listing of the srMpsrATS prog:ram is presented in Table A-j_

of Appendix A.

The annuar mean daily peak and monthry mean flow data

\úere passed through STMPSTATS, producing values for the
sample statístics described in section 3.3. l_ for each data

set. These resurting sample statistics for the annual mean

and dairy mean peak flow data are presented in Appendix A,

Tabres A-2 and A-3, respectively. The sample statistics for
each of the months January to. December are presented in
Appendix A, Tables A-4 to A-j_5"

3 " 3 " 3 " 1- Sample Statistics versus Drainacre Àreas

Confronted with this large volume of statistical results,
a methodology for screening these results for anomalies and

rerationships \¡üas reguired" A visuar inspection of the
tabled statisticar results suggested a strong rerationship
between the drainage area of the station and certain statis-
tics. such a relationship has been documented in previous
studíes and is also intuitively reasonable. For this reason,
the effective .ld gross drainage areas were chosen ín order
to relate a physical basin characteristic to the sampJ-e

statistics.

The rerationship between drainage area and stream flow
has been mentioned by many authors. Durrant and Blackwer1

[1-96]-l developed regional curves for the three prairie prov-
ínces which related the mean annual flood (MAF) to the effec-
tive drainage area" The MÀ,F in thís instance is defined as
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that flood which has a probability of occurrence of 0.5 in
any one year (a return period of 2"0)" A power function
involving the effective drainage area (EDA) hras developed to
estimate MAF and is of the form:

MAF:f(eoan¡ G"z )

where: n is the poT¡rer function value which was found tohave a value of O.675 near Winnipeg and toincrease in a westerly direction, -rãaching 
avalue of 0.90 near the Rocky Mountains.

This concept of relating frood flows to drainage areas was

used by scott []-9831 to investigate the impact of agricur-
tural drainage on flood flows. Riggs lrg73l deveroped a

method of regional flood anarysis based on the relationship
between flood peaks and drainage area. The infruence of the
drainage area on the annuar vorume of runoff was reported by

Mowchenko lr979l, in which unit runoff (or yield) on the
prairies was examined. Dunne and Leopold L1,g7gl reported on

the rerationship between drainage area and averagie discharge
for various regions in the United States.

As discussed in chapter 2 and presented in Table 2.L, the
drainage areas of the stations under study s/ere delineated
following the concepts of gross and effective drainage areas
developed by PFRA and subseguently accepted and approved by

the three prairie provinces and the prairie provinces water
Board. The gross drainage area is the totar physical area
that would contribute to the flow at a sìation under extreme
runoff conditions. The gross drainage area is derimited by
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the height of land defining direction of frow. The concept

of an effective drainage area was described in a paper by

Godr.¡in and Martin lA975l as follows:

¡¡The effective or dry drainage area is that portion of a
drainage basin which rnight be expected to entirely con-
tribute runoff to the main stream during a flood with a
return period of two years" This area excl-udes marsh and
slough areas and other natural storage areas which wourd
prevent runoff from reaching the main stream in a year of
average runoff.rl

rt was fert that the annual mean frow (annual vorume)

wourd be more crosely related to the effective drainage area

since the annual mean flor¡ is less dependent on high runoff
producing events. conversely, the daily mean peak flows
shourd then be more ctosery related to the gross drainage

area to account for the larger area contributing to the
higher runoff-producing events.

The sample statistics for the three types of data (annual

mean flow, daily peak flow and monthly mean flow) were

plotted against the logarithms of the gross and effective
drainage areas and the graphs evaluated for any obvious

anomalies or rerationships" The rinear plots for the annual

mean flows are presented in Appendix A, Figures A-l- to A-24.

The linear plots for the daíIy mean peak frows àre presented

in Appendix A, Figures A-25 to A-48.

The plots of the sample statistics for the annual mean

flows against the logarithrns of the drainage area reveal-ed

varìous interesting tendencies in the sainple statistics and

data"
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l_. Two distinct regions can be identífíed in the plots of
mean, median, standard deviation, rang'e and maximum

(Figures A-l- to A-3, A-7 and A-8, respectively). For

gross drainage areas less than l-5o0 ¡¡¡2 Q20 ¡¡¡2 for
effective drainage areas), there appears to be one linear
relatíonship, while for those gross drainage areas

greater than 43oo ¡¡n2 (2600 ¡¡n2 for ef fective drain-
age areas), there appears to be another distinct línear
relationship.
The plots indicate the lack of gauging stations for
drainage areas between the two threshol-d revers of 15oo

and 6300 ¡¡2 for gross drainage area and 7ZO and. 2600

¡¡¡2 for effective drainage areas and for sma11 agricul-
tural drainage areas, i.e. gross drainage area less than

50 km2.

The shape of the linear plots of mean, median, standard

deviation, range and maximum also suggest that the rela-
tionship between these statistics and drainage area is
log-Iog, rather than linear-log.
For the annual mean flows the ratio of maximum to
minimum, when plotted against gross and effective drain-
age area, showed that there is apparently no relationship
involved. (see Figures A-10 and A-22) " However, certain
stations have values for maximum divided by minimum,

which hrere so anomously large that they warranted closer
examination.

2"

4"
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These stations (0508025, 050B006, o5oBo23) are downstream

of structures which control the f1ow. A possible

explanation for the large maximum divided by minimum

varues may be found in the operation of these reservoirs.
During high runoff years, the reservoirs guickry fill and

spit1, and the effect on recorded downstream frows is
nominal. The reservoir regulation can, ho\,,/ever,

subst,antially reduce downstream flows in 1ow runoff years

and extended dry periods. This reduction in the minimum

flow year is attributed to the storage of the majority of
the runoff in the reservoir to suppry consurnptive uses.

The mean value for station osoBo16, when plotted against
gross drainage area, seems 1ow. However, when plotted
against effective drainage area the mean for this station
is not anomalousry low. This is due to the relatively
large difference in the effective and gross drainage

areas for this station (z4s vs 980 knz). The drainage
area to 0508016 is poorly drained and thus the ratio of
gross to effective drainage area is 4.O, which is
substantially different than the average varue of r.4 for
the remainder of the stations in the basin.

None of the other sample statistics seemed to be related
to drainage area, and the values extracted from the data

and plotted did not show any pattern or anomalous points.

E

6"

The plots of the sample qtatistics for the daily mean

peak flows against the logarithms of the drainage area
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reveared the same general relationships as the annual mean

statistics. However, due to the large variability j-n the

daily peak flows these relationships r¡rere not as well defined
and the statistics reveared more scatter. The values of
maximum divided by minimum $¡ere extreme for more stations and

seemed to be related more to the vagaries of flood conditions
than to regulation" The high values for the ratio are

believed to be related more to high maximum values associated

with extreme floods than to row values associated with frow
reguration" Plotting the logarithms of the sample statistics
versus the drainage area confirmed the existence of a linear
relationship for certain statistics. The scatter for the
other statistics remained wide in these prots, and no obvious

relationships with drainage area r^/ere revealed.

3"3"3"2 Linear Regression Data Screenins

since there seemed to be a 1og-1og rerationship between

certain sample statistics and the drainage area of the
station, the logarithms of the sample statistics were

linearly regressed with the logarithms of the drainage area.
rt should be noted that although.the station data sets had

varying record lengths, the regress'ion analysis did not
correct for record rength. From this linear regression it
r{as fert that the strength of this relatj-onship could be

gauged and any anomalous stations would be identified as

outliers from the regression.

61



The sample statistics and drainagie area for each station
Ì{ere entered into the sAs [].982a1 program for simple rinear
regression" The program transformed the statj-stics and

drainage areas into their logarithms, which were used to
develop sirnple linear regression models. Each rog statistic
vras regressed against the logarithrn of the gross drainage

area using the regression (REG) procedure available in the
sAS program. A residual analysis was not performed for these

sirnple linear regression models.

Exampre output from the REG procedure using the annual

mean sample statistics is presented in Appendix B, Table B-L.

This output includes the resurts of the linear regression,

st,atistical infornration concerning the regressions and 1íne-
printer plots of the relationships. The relationships
between the statistics and drainage area previously observed

in the linear plots were supported by the regression resurts.
The mean (x), median (Md), standard deviatíon (s), range (R)

and maximum (Mx) sarnple statístics, when transformed to
logarithms, relate well to the logarithrn of the drainage

area" The yierd (Yd) v¡as also found to be related to the
drainage area" The remainder of the sarnple statistics showed

no relationshÍp or dependence on drainage area. some sampre

statistics, like the coefficient of variation (cv) and

coefficient of skew (cs) , have relatively const.ant val-ues for
the Pembina River basin.

The neasure used to evaluate the relationship ¡etween tìe
drainage area and the sample stat,istics !ûas the adjusted
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coefficient of determination (r2l " The 12 value \¡/as used

in this study as a measure of abirity of the regression line
Èo explain variation in the dependent variabre (i.e. the
sampre statistic). First, the coefficient of determj_nation

(r2) was calcutated from:

12 : sum of squares due to regression model
total surn of squares

^: ¡ (vi -vlz

where: yi are the dependent (V) values whj_ch,
application, are the logarithrns of a
sample statistic.
^,yi is the value of the dependent
predicted by the regression model-.

i i= the mean of the dependent variable.

r (yi - vlz

The î2 value was

with:

wheret 
l"ö=ra}." 

number of values in the regression

The adjusted 12 values v¡ere used to compare the rela-
tionships between the drainage area and the sample

st.atistics" The adjusted 12 varues calculated in the sAS

program for sample statistics based on the annual mean fJ_ows,

daily peak flows and the open-water (March to November)

nonthly flows are presented in Table 3"4"

The results indicated that certain statistics had sirnilar
degrees of relationship with drainage area. The standard
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deviation, range and maximum had similar rz values for the

different data sampres" This similarity in relationship
strength is not that surprising since these statistics ar1

describe the degree of dispersion of the data sarnpre. The

range and maximum varue are sirnilar because the small-est

value of most sampres is zero or near to zero for streamflow,

which causes these two statistics to have very simirar
values.

The two measures of central- tendency did not seem to be

related to the drainage area in the same way. The mean had

the most, stabre relationship with the drainage area in terms

of the data samples studied" The 12 varues describing this
reLationship between mean and drainage area were high. The

median did not enjoy the same strength of relationship as the
mean nor the same pattern of 12 values as the mean.

Table 3.4

Adjusted 12 Values for Regional Regression Eguations
Relating Sample Statistics to Gross orainagã Àrea

SampIe
Statis tic

Mean (X)

Median (Md)

Standard
Deviation (s)

Range (R)

Haximurn (ì{x)

Yield (Yd)

AnnuaI
Means

0.96

0.91

0.98

0.98

0.98

o.26

Daily
Peaks

0.76

0. 69

0.70

0.67

0. 70

0.74

1. The median data set
nere zero and hence
analys is .

Mar.

0.76

0. 631

0.67

0.60

0.60

0.73

Apr.

Monthly Mean Flows

0. 9s

0.90

0.9s

0.9s

0.9s

0.69

May

0.93

0.87

0.95

0.9s

0.95

0.06

June

0.90

0.78

0. 89

0. 86

0.87

0.09

for these months lncluded stations whose sanple medlans
srere not included ln the reglonal logarlthrnic regression

July

0. 83

o.7gL

0. 81

0. 80

0.80

0.02

Aug.

0. 90

o. 811

0. 78

0.72

0.72

0.02

Sept.

0. 88

0. 801

0. 83

0. 82

0. 82

0.0s
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Oct.

0.77

o. 561

0. 83

0.85

0.85

0.1s



The yíetd related v¡ell to the drainage area only for the

daily peak flow dat,a and for the March and April nonthly mean

frows" Most of the daily peak flows nere recorded during the

spring runoff event,, the rnajority of which occur during April
in this basin" The April spring flood event provides a large
vorume of flow during the month and hence a connection

between the April mean flows and daily peak flows is
understandable"

An explanation of the strength of the relationship
between March nonthry yields and drainage area is ress

obvious. The nature of March frows in the pernbina river
basin is dependent on early snowmelt events and winter base

flow. The base flow for most of the tributaries and head-

water stations is low but, increases as the distance travelled
dow-nstream from the headwaters increases. March spring
snowmert events are more likely to encounter a more

uniformry-distributed snowpack as compared to the possibly
depleted snowpack in a May snowmert event. Because of the
low and limited base frow, the values of the mean, yierd and

range of the March frows are then significantly affected by

the earry sno$¡rnelt runoff events. Thus, the runoff volume at
each station ís more likeIy to be uniform due to the
undisturbed snowpack, which then causes the governing March

snowmelt events to be more uniforrn across the basin.
The May rnonthly flor¿s arso are due mostly to spring snohr-

melt but usually include the recession portion of the hydro-
graph" The recession of the snowmelt in the basin can be
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highly variable due to differences in basin storage, drainage

density and drainage length. Also, spring rainstorms which

can occur duríng May may not encompass the entire basin and

then lead to more variable yields v¡ith a correspondingly 1ow

r2 value.

The regional regression anarysis was conducted on the
other sample statistics, even though the plots indicated no

relationship between the statistics and drainage area. This

apparent rack of rerationship was supported by the values of
the esti¡rated parameters, which were not statistically
different from zero, and the row 12 values for the
regression analysis"

The results from the REG procedure of the sAS program

provided measures of the strength of the studied relation-
ships but also included some statist,ical tools with which to
identify anomalous stations. The regression analysis
provided least squares estimates of the regression parameters

relating the central tendency (mean, median and yield) and

the dispersion (standard deviation, range and maximurn) of the
streamflow data .to the draínage area. Because of the
strength of these relationships (r2 values in the range

0"90 to 0"98) it was felt that any signifícant deviation from

the regression line by individual stations may indicate
incongruities in the recorded streamflow data.

The first statisticar toor used to identify anomalous

stations rdas the use of two confidence intervars for the
regional regression 1ine. one confidence interval
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investigated was the interval for the expected value (rnean)

of the response" The other confidence interval investigated

$ras the interval for the individual forecast (prediction),
which is the ex¡lected value plus error.

The 95å confidence interval for the expected value of the

regional regression line is defined as that intervar that
contains the true expect,ed value of the response with gsz

probability" Thus, the true regression should lie between

these limits and is det.ermined from first calculating the

standard error of l*, which is the mean value of the fanily
of the possible predicted values i* for a given xk.

/\
Thusr yk corresponds to the value of y predicted by the

regional regression eguation:

it: a * bx¡

which leads to the

defined as SEP¡ and

sEP¡ = sr t
L"*

(3.27)
^standard error of the predicted val-ue Vf

calculated by:

where: n is the number of calculated sample statistic
values in group used to derive regional regres-
sion eguation.
xk is the independent xi value for which the
interval'is being calculaEed.
x is the mean of the data sample statistics used
in the regional regression equation.
Sr is the standard error of the regression
eguation (sornetimes called the mean square
error) and estimated from:

(x¡ - x¡z
r (xi - Í)2

0.5

sr : f r {vi - }il, lo"u
L-------ñ-=--z-J

and, yi are the y dependent values"
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This value

(sEP¡) is

the lower

confidence

for the standard error of
then used in the following

(Im¡. ) and upper (Umf )

interval with respect to the

T'm¡ =

and

umk :

where:

yk - SEP¡ t-O.gZS,rr-2

Ayk

The confidence intervar on an individual predicted value is
wider than the confidence interval on the regression rine
since an error tern of sr2 (the variance of the error) is
added to SEP¡" The 1ower (tpf ) and upper (Up:<) limits
of the 952 confidence interval with respect to the predicted
value are:

+ SEP¡ t.O.gZS,D-Z

EO.glS.n-Z is the Student's
952 cönfidence Iimit (two
degrees of freedom"

the predicted value

manner to calculate

limits of the 952

regression line.

(3.30a)

âLpk : yk

and

upk

(3.30b)

t value for the
tailed) with n-2

rn referring to prediction, these confídence rimits indicate
the range about the regression rine within i^¡hich a y¡
shourd fall within for a given xk, arlowing that the

rerationship hords" station sampre statistics which fatl
outside these tinits indicate those station data for which

the regional relationship rnay not hold. vtith respect to the

(srz + SEp¡)to.gzs ,Ít-2

=yk + (SrZ + sEP¡)to"gZs ,rt-2

(3.3la)

( 3 " 3]_b)
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regression line, the confidence 1ínits indicate the most

likery rocation of the regression line" rf the rerationship
is strong, most of the samples should fall within this inter-
val" Values which fall outside these limits would indicate
stations for which the relationship is not very strong and

which may have incongruities in the sÈreamflow data.

The regression results for the mean, median, standard

deviation, range and maximum v¡ere examined with respect to
these two confidence intervars at the gsz level of sig-
nificance. Tabre 3"5 presents the st,ations for which the

sampre statistics derived from the annuar mean data fell
outside the confidence intervars for the specific regression.

The results presented in Table 3"5 suggest that the stan-
dard deviation, range and maximum identify essentially the
same anomalous stations. The mean and median identified the
same stations as being outside the prediction confidence
interval, but identified different stations as being outside
the regression confidence intervar" This difference may be

due to the nature of these two statistics, where the mean is
more influenced by the rarger varues in the sampre and the
median is not"

Table 3"6 presents the stations for which , the sample

statistics derived from the daity mean peak flow data ferl
outside of the confidence intervals. only one station
(050801-6) has a sample statistic which fell outside of the
prediction confidence interval, similar to what was found for
the annual mean flow data. However, many more stations were

69



identified as falling outside of the regression confidence

interval for the daily mean peak flow data.

Table 3.5

Stations Whose Annual Mean Sample Statistics
FelI Outside of the 95å Confidence fntervals

Confidence
Interval

Prediction

Expect,ed Valuel
of Regression

Central
Tendency

Mean
rxl

050AoL3
050801_6

0508006

stations which farl outside of the predicted confidence
interval arso fatl outside of the confidence interval for
the ex¡rected value of regression. Thus, the stations
Iisted as failing predicition should be added to the
stations failing this test.

Median
(Md)

050.A'01_3
05080L6

050A007
0508025

Tabre 3"6 does support the observatíon that the measures

of dispersion identify essentiarly the same anomalous

stations. However, the large number of stations which feIl
outside of the regression confidence interval suggest that
this intervar is less discriminating for the regression
eguations which have lower rz values and that only the
prediction confidence interval would be of any use as an

outlier detection measure.

Standard
Deviation

(s)

Dispersion

05080L6

050A005
o50A0t_3
0508001_
0508006
0508008

Range
(R)

o5080l_6

050A005
0508006
0508001
0508008

Maximum
(Mx)

0508016

050Ä,005
0508006
050A008
0508008
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SÈations !{hose
FeIl Outside of

Confidence
Interval

Prediction

Expected Value
of Regression

Table 3.6

Daily Peak Sanple Statistics
the 95å Confidence Intervals

Central
Tendency

Mgan
(x)

050B01_6

0soÀo07
050B008
050BoL0
05080L6
0508021_
0508025
050803L

Median
(Md)

on this basis,, only the prediction confidence interval
rdas used to detect outliers in the rnonthly mean data sets.
The results of the confidence interval outlier detection
using the monthry mean data for the months March to october
are presented in Appendix B, Tab1e B-2"

A practical problem was encountered in det,ecting outliers
usíng the prediction confidence interval from the regiressíon

analysis with the sanple median of the rnonthly data. For the
headwater stations, the sample median is zc-.ro for the months

of March and Jury to october" Thus, these stations are not
included in the log-rog regression analysis. The logarithm
of the sample rnedian relates well_ to the logarithm of the
gross drainage area; however, the eguations for these l-ow-

Standard
Deviation

(s)

050.A008
0508008
0soBo10
o5080L6
05080L9
050802L
0508029
0508031
OSOc004

Dispersion

050^A'007
050401_3
0508001_
o5080l_0
0508016
050801_9
050Bo2l-
0508023
050803 t_

Range
(R)

Maximum
(Mx)

050A006
050A007
050^A'008
050À01_3
050801-0
0508016
050802l_
0508023
050803 t-

050A006
050A007
0508008
050A01-3
050801-0
05080 16
050802 t_

050802 3
050803l-
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flow months are generated without alr of the stations in the
basin" For these months, the median is a poor detector of
outliers "

The second statistical measure used to detect outriers
was the rrstudentizedr¡ residual- (RS) " This diagnostic measure

modifies the residuars to enhance the detection of problem

data. The studentized residual is calculated:

RS = fvi - ìi)
SERl

where: yi is the predicted y value from the regres-
sion. eguation f^or the sample value xi(equivalent to ?¡. in Eguation 3.27 witË
k - Í).
The terro (yi -ïi) is the residual.
SFfi is the standard error of the residual,
v¡hich is estimated from:

SERI =

According to Belstey et al" []-98ol, the studentized residual
(Rs) is distributed closery to the t-distribution with n-3

degrees of freedom for sirnple regression. Belsley et al.
[]-9801 proposed that a cutoff value of z"o be considered if
an observation ís to be dereted from a sampÌe. However, it
is not t'he intent of this analysis to delete observations to
produce a better regression eguation. Rather, the use of RS

is to detect sample stat,istics (and hence stations) whose

residuals are anomalously high. The cutoff value for outlier

(xi - *)2
x(xi - i)

(3.32)

] 

'"' (3.33)
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detectÍon was then arbitrarily relaxed to a value of 1.5,

based on engineering judgernent.

Table 3"7 presents those stations whose absolute value of

RS exceeds L.5 for the measures of central tendency and

dispersion based on the annual mean flow data and daily mean

peak flow data. The results of the outlier detection based

on RS greater than 1"5, using the nonthly mean data for the

nonths March to October, are presented in Appendix B, Table

B-3.

Table 3.7

Stqtions Whose Sample Statistics
Have a lStuaentízed Residuall Va1ue > 1"5

Data Source

Annual Mean
Flows

Daily Mean
Peak Flows

Central
Tendency

Mean
(x)

The third statistical measure used to detect outliers is
the distance measure developed by Cook llg77 , Lg7gl.

cookrs D is a scaled measure of the change to the predicted
^value yi by deleting the observed yi. Cookts D is used

to identify those observations which influence the estirnated

050A'0L3
0508016

050801"6

Median
(Md)

050À'0r_3
o50Bot-6

0508025
050c004

Standard
Deviation

(s)

Dispersion

050À005
0508006
05080L6

050801-6

Range
(R)

0504005
0508006
050801_6

050801_6

Maximum
(Mx)

0504005
0508006
05080L6

050801-6
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parameters of the regression eguation the most

culated using:

--2
cookDl : Rsi2 lg¡Alz lsnnil

Cook¡s D is an empirical function which has been reported to
follow the central F distribution with a (l- - a ) probability
point (Vinod and Ullah []-9811). The degrees of freedom are p
(the number of regressors which egual 2 for simple

regression) a.tá N-p-1 (which eguals L7 for the 20 stations
involved in the regression analysis) " Hence, the critícal
value for F assumed in this study is 0.L64, beÌow which it is
992 certain that the influence on the regression parameters

caused by the deletion of a certaín observation is not

significant" Therefore, values with Cookrs D above 0.164 are

significant and may warrant closer inspection of the

observation. Table 3"8 presents those statíons whose Cookrs

D value exceeds 0"L64 for the measures of central tendency

and dispersion based on the annual mean flow data and daily
mean peak flow data. The results of the outlier detection

test based on CookDi greater than O "1,64 using the rnonthly

mean data for the months March to October are presented in
Appendix B, Table B-4.

and is cal-

(3.34)

During the regression analysis procedure, the outlier
detection measures for Ène other poorty-rela'bed sample

statistics identified certain stations to be outliers"
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However, since there is no linear relatíonship between these

statistics and drainage area and such a rel-ationship is
assumed as a condition for these outlier detection measures,

these identified outliers are believed to be due mainly to
chance and are not examined further here. The observed

scatter exhibited by these statistics when plotted against

drainage area together wíth the wide confidence intervals
calculated for these statistics support this hypothesis.

Table 3 " I
Stations Whose Sample Statistics

HaveaCookrsDValue

Confidence
Interval

Annual Mean
FIows

Daily Mean
Peak flows

Central-
Tendency

Mean
(i)

3 " 3 " 4 General Sumary and Discussion of Results

The sample statistics Ì¡tere investigated in several r^rays

in the screening of the hydrornetric data for the pembina

River basin. once the sample statistics were carculated,
they were plotted against the drainage area to better visu-
alize and interpret the data. severar possible relationships
were notedo and the sample statistics sÍere transformed to

o50AoL3
o5080l_6

05080L6

Median
(Md)

o50Aol-3

Standard
Deviation

(s)

Dispersion

0508025
050c004

o50Ao05
0508006

Range
(R)

050A005

Maximum
(Mx)

0504005
0508006
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logarithns and regressed with the logarithrns of the station

drainage area. Since the relationships between the statis-

tics and drainagie area r^¡ere strong, several outlier detection

methods $tere employed to identífy possible anomalous

stations.

For each regression eguation, the locations of the

observed values with respect to the values predicted by the

regression eguation hrere checked with confidence intervals.

The residuals between the observed and predicted values were

scaled arid analyzed for anomalies. AIso, the influence of

each observed value on the regiression eguation was

investigated to determine anomalous data sets. the results
of these investigations with respect to the Pembina River

basin data are discussed in this section.

3.3.4.1 Samp1e Statistics Plotted Acrainst Drainacre Àrea

The plotting of the sample stat,istics based on the annual

mean and daily mean peak flor¿ data for each station against

the gross and effective drainage areas was important in
visualizing the relationships involved in this investigation.
Certain statistics !,rere obviously unrelated to drai-nage area

and plotted as widely scattered points without a pattern.

These unrelated statistics included fr, Cê, MXMN, MDMN and

}fl(l{f. Compared to these statistics, the Cs for the annual

mean data plotted as a relatively constant band having an

average value of i-.009; however, station 05OA0l_3 (Lonf River

near Killarney) had an extremely snalI Cs value (0"0i-l-) " The
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period of record for 05OA0L3 is only ten years (1-967 to

Lg76) " The calculation of cs (see Eguation 3.L7 ) requires

the use of the sample skew statistic (g). Because thÍs

sample is made up of only ten members, the use of the higher-

moment statistic g is unreliable in estimating the population

skew and may be the cause of the low Cs value"

The examination of the unrelated statistics did reveal

one interesting and useful tendency" For the plot of M)0{I,

based on annual mean ftovl data against both gross and

effective drainage area, certain stations seemed anomalously

high. As !,ras discussed in Section 3 " 3.3 .l-, these stations

Ìúere found to be downstream of reservoirs, and the operation

of these reservoirs may have caused these extreme values by

passing relatively unchanged high flows in large runoff years

and by passing flows reduced below the natural values in low

runoff years"

The visual presentation afforded by these plots v/as

important for those statistics which stere retrated to drainage

area. The plots revealed a gap in the drainage areas for the

gauging stations in the Pembina River basin. No stations

have a gross drainage area which falls in the range l-500 to

45oo 52" However, in the case of the Pembina River basin,

this gap is due to the configuration of the stream. As can

be seen in Figure 3.2, two large tributaries join the Pernbina

River just below Lorne Lake and tu¡o more enter downstream of

Rock Lake. WSC -has gauging stations on each of these

tributaries" Thus, the gap in the gauged drainage area of
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l-5oo to 45OO ¡q2 could be fiIled by combining records

the tributaries if reguired. For example, the inflow to

Lake could be estimated from the recorded flows of the

stations as follov¡s:

Rock Lake Inflow = O5OA010 + 050A006 + 05OAO07 + LI

where: LI is the loca1 inflow to Rock Lake for the area
below the gauging stations"

The plots of the sample statístics for the annual mean

and daíIy peak flow data showed that lhe relationships with

the drainage area \rere most likely 1og-1o9" With the linear-
Iog plots it was apparent even by visual inspection that some

point,s (hence station data sets) were suspect. Relating the

sample statistics to drainage area allows outlier detection

techniques to be used with the regression analysis to
identify anomalous stations"

3.3.4 "2 Linear Regression Analysis

from

Rock

wsc

The regression analysis focused on the relationships

between the sample statistícs (mean, median, standard devia-

tíon, range, maximum and yield ) and the gross drainage area.

The regression analysis ,was conducted to investigate the

relative strengths of the relationships and to determine if
outlier detection techniques could be used to identify anom-

alous stations" The adjusted E2 values rrere used to
indicate the strength of the regressi-on equations and were

presented in Table 3"4" These 12 values resulted in some

interesting observations.
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t_" The annual means and high flow months (April, May and

June) all had comparable 12 values for the fíve main

statistics (mean, median, standard deviation, range and

maxinun) " This linkage occurred because the majority of
the annual flow volume is due to the same fl-ow generating

mechanism; namely, the spring snowmelt runoff during

these three months.

The regression eguations for the daily mean peaks and the

1ow flow months hrere not as strong as the annual means

and spring rnonthly flows but still had respectable 12

values (with minor exceptions, above 0"64)" The lower

12 values r,irere due to the variability between Iow and

high flows in the data sets.

The sununer and fall low-flow months sometimes included
rainfall runoff events. The precipitation events which

occur on the prairies are usually locarized storms which

do not encompass large areas like the penbina River basin

and then wourd not produce runoff on every stream in the

basin. rn such cases only sma1l local watersheds in the
vicinity of the event wourd show the major effects of the

runoff-producing events, thereby weakening the total
relationship among all stations

The sample statistics which measure the dispersion of the

data, the standard deviation, range and maximum all had

similar 12 values in the regression analysis. The

sirnitaìíty between 12 values for the range and maxirnum

was not surprisíng sj-nce, for most data sets, the minj-mum

2.

3.
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values r¡rere zero or near zero, and hence these two sample

statistics had essentially the same value. Due to the

similarity between these three measures, it is likely
that only one measure needs to be consídered for data

screening. The standard deviation should be used since

this statistic has the advantage of refrecting the

freguency and magni-tude of values that deviate frorn the

mean, while the range and maximum do not.
4" The two measures of central tendency, mean and median had

differing 12 values for the regression analysis. The

mean hras better related to drainage area and had. higher
12 values. The median had reasonable 12 varues for
the annuar mean and spring monthry mean flows. However,

for the low flow months, the median did not have as

strong a relationship with drainage area. rn these

months, the sample median for certain stations r^rere zero

(i.e" at reast half the years had no flow in these

months). since the regionar regressional eguation used

the rogarithms of the medians, these stations were

excluded from the analysis. These months therefore had

less stations in the regression analysis, which caused

the lower 12 values.

5. The composite statistic yield was rerated to drainage

area for only the daily mean peaks and March and Aprit
monthly mean flow data" There is a connection between

the daily mean peaks and April flows because most of the
recorded daily mean peaks occur during the spring runoff
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which, in this basÍn, usually occurs in Apri1. The

volume of runoff in a rnonth in which the snowmert peak

occurs is generally directry related to the sj-ze of that
peak"

The strength of the rerationship involving March mean

flows is due to the general low flows prior to spring
runoff and the rarity of localized storms in this month

and the fact that most signifÍcant, runoff is caused by

the snowmert of a more-uniform snowpack. The occurrence

of localized precipitation events and certain anomalous

stations may be responsible for the poor performance of
the yield with respect to the other data sets
investigated.

The results indicated that the five main statistics of
mean, median, standard deviation, range and maximum were

related to drainage area and based on the strength of the
relationships, the regional regression anaryses could be used

to detect outliers"

3.3"4"3 Outlier Detection - Confidence fntervals
The resurts presented in Tables 3.5 and 3"6 indicate that

the out.lier detection technique does f]-ag a number of station
data sets as having statistical varues which deviate
significantly frorn the expected regional values. The values
which falI outside of the prediction confidence interval- are
far enough from the regional regression eguation that the
di-fference is unlikely to be due t.o chance alone (arthough,
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by definition in the gsz test used, there is a 5? chance that
a single value will faII outside of these limits).
Therefore, the data sets (hence st,ations) that Iie outside

the prediction confidence interval warrant further scrutiny.
Deviat,ion outside of the less-stringent regression confi-

dence interval has a different interpretation. The

regression confidence interval delirnits the most probable

location of the regionar regression eguation. ït is hoped

that most of the points used to determine the regression

eguation woutd fall within these rimits; however, due to the

scatter of the data, some points farl outside of these

linits. For regionar regression equations with high 12

values, indicating a st,rong relationship, few points fall
outside of these timits. Examples of this situation can be

seen in Tabre 3"5" However, as in the case of the dairy mean

peaks, for those regionar relat,íonships that are poorly
defined, many points will fall outside. of these lirnits.
Therefore, the regression interval is a poor detector of
outliers or deviant data samples.

The station data for the annual mean flow and daily mean

peak flow which were identified as having sample statistics
which feI1 outside of the prediction confidence interval were

scrutinized, and possible expranations for the deviancy were

sought" The sampre statistics for both sets of data for
station 050E}01-6 (Snowflake Creek near Snowflake) 'b/ere outside
òf the confidence interval. The regional regiressions were

conducted against the giross drainage area. station 0508016
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is poorly drained, with only 2SZ of the basin area being

effective" Thus, since thís station is so poorry drained as

compared to the rest of the basin stations, it is not

surprising that 050B0l-6 has anomalously low values for the

statistics and does not fit the regional regression

eguations.

The measures of central tendency for station o5oAo13

(Long River near Kilrarney) are anomalously high against the

regional regressions. The short record period (i,967-76) for
this station includes some extreme runoff years (1969, rg74,

L976). Furthermore, for one of the years in that period,

namely L974, the runoff at station 05ocoo4 was the largest in
the 73 years of its record" Also, the short period of record

for 05o40i.3 does not encompass the Iow-frow years of the

early L960rs" These factors cause the mean for the station
to be substantially larger than stations of comparable sÍze.
Table 3"9 incrudes possible explanations for additional
anomalous st,ation data sets identified as being outside of
the prediction confidence intervar based on the open-water

monthly data sets.

3.3"4.4 Outlier Detection - Studentized Residual

several data sets were identified as having sampre

statistics significantly different than the regionar regres-
sion equation based on the value of the studentized residual
(RS) " Applying an absolute cutoff value of 1.5 to RS

yierded the stations listed in Table 3.7 and Appendix B,

Table B-3 " The previous section provided possible
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explanations for certain station data sets" The ernployment

of studentized residuals exposed some additional stations
which reguire closer scrutiny of the data sets.

Table 3.9

Explanation of Anomalous Monthly Data Sets
Based on the Prediction Confidence Interval

Station
Number

o50Bo3l_

Monthly
Data Set

June

0508006

Sample
Statistics
Affected

JuIy

s, R, Mx

050802L

050801-0

Two extreme rainfall runoff
flood events (l-963 | 1-97O) led to
hiqh dispersion statistic val_ues
in comparison with the normal
near-zero baseflow conditions.

No rainfall runoff events re-
corded for JuIy, which Ied to
lower sample statist,ic values as
cornpared to regíonal eguation,
Neighbouring stations (O5OBOl_0,
05OB03i-) recorded a fer^¡ rainfatl
floods; perhaps storage projects
above O5OBO06 captured these
runoff events.

No rainfall events recorded.
Missed 0508016 as weII.
No baseflow and no substantial
rainfall events recorded, which
led to low statistic values.
Confirmed by flor¡¡ record at up-
stream station (05OBO3l-) .

aIl

August

October

Explanation

The measures of dispersion for the annual mean frows at
station o5oA0o5 (Hidden rsland coulee near Hansboro) were

identified as being anomalously high. An examination of the
streamflow data identified several zero or near-zero flow
years (1977 , 1,963 and j"962) as well as various high flow
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years (I974t L979 and L969)t which account for the hígh

values for standard deviation, range and maximum. These

extreme annual mean flows forlowed the pattern observed in
the annual mean flows of nearby stat,ions" It \¡ras not

possible, hovrever, to obtain a clear explanation for the

observed hiqh measures of dispersion for the annual mean

flows at 0504005.

The measures of díspersion for the annual mean fl-ows at
stat,ion 0508006 (crystal creek near crystar city) were also

identified as being anomalousry row. Againr ân examj-nation

of the recorded flows at 0508006 and nearby stations yielded

no obvious incongruities. Hovrever, the effective drainage

area for this station is smaller than those stations with
comparable gross drainage areas. since the gross drainage

area was used in the regional regression analysis, this may

explain the observed row measures of dispersion for the

station when compared to the regionar regression prediction.
Another factor in the low dispersion observed in the data may

be the effect on the flow of several small dams upstream of
the station and the possibre backwater effect caused by the

crystal city reservoir during high flows. rn ro¡u f low years

the minor projects may intercept a 'rarge portion of the

spring runoff yielding lower recorded fl-ows at the station.
The observed median daily mean peak f 1or^¡ at station

0508025 (Pilot creek near pilot Mound) was identified as

being anornalously lower than the predicted value from the
regional regression eguation" This low median value is
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attributed to the upstream regulation of the stream by the

Pilot Mound Dam" Due to the relatively smal-I storage capac-

ity of the reservoir, large floods pass relatively
unattenuated through the reservoir" Holrrever, smaller f lood

peaks may be sígnificantly reduced by the reservoir, hence

the low median value"

The sampre median daily mean peak flow at station osocoo4

(Peurbina River at Neche) had a large positive residual
difference from the regional regression eguation, which indi-
cated a high median value for the daily mean peak data set.

An investigation of the dairy mean peak frow data set for
05oc004 revealed some interesting problems associated with
the data set. Previous work by the rnternationar pembina

Engineering Board [ ]-964I deterrnined that the Pernbina Rj-ver

overflows its banks between walhatIa, North Dakota and Neche,

North Dakota at moderate stages and loses water from the

basin to the north into canada and south to the Tongue River
basin. This breakout reportedly occurs at frows above s6.6

m3,/s (2ooo cfs) and is assumed to be caused by the decrease

in slope of the streambed once the river exits the pembina

Excarpment and flows through the Red River plain. The loss

or r¡¡ater from the stream channel would reduce the daily mean

peak flow for the larger floods, which should then lead to a

lower rnedían value for this data set.

However, another cornplicating factor is the shape of the
runoff hydrographs recorded at osocoo4. An examination 

-or

the recorded flow hydrographs for several moderate flood
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events (90 to l-30 n3ls) at stations o5oBoo1, o5oBooT,

0508008 and O5OC0O4 shorped that a double peak occurred during
most froods" The first of these peaks is thought to be due

to local runoff from the drainage area below swan Lake, while
the second peak is due to runoff from the area upstream of
swan Lake and is delayed on the order of four or five days.

The daily mean peak flow in any one year at osocoo4 is the
greater of the two peaks. This peak is dependent on the
¡aodification of the runoff hydrograph for the area upstream

of swan Lake by the lake storage above that point and on

locar runoff conditions berow swan Lake" The comprexity of
the runoff phenornenon due to the tining and magnitude of
outflows from swan Lake and the locar runoff hydrograph and

because the larger of these peaks is chosen for the daily
mean peak flow may possibly be the cause. of the relatively
larger median daily mean peak flow at o5ocoo4. since the
median is a single event in a series, âily anomalous

conditions in that year wourd also affect the value of the
median daily mean peak flow"

A reviev¡ of the anomarous stations listed in Appendix B,

Tabre B-3, yierded onry station o5oBooS (pembina Ríver near
Kaleida) for which a possible explanation of the deviancy
from the regionar regression eguation had not yet been

offered" The range and maximum values for the May and June

monthry mean flows for o5oBoog were lower than the regional
regression eguation. The station recorded frow only until
1969, and the short period of record included the Iow fl_ows

88



of the 1-960rs, which may have led to the reduced range and

maximum values

3.3.4.5 Outlier lletection - Cookes D

The use of the Cookrs D statístic to indicate possible

outliers identifíed several data sets as having sample

statistics which significantly influence the regional regres-

sion eguation. Use of this empirical influence function

identified the stations listed in Table.3.B and Appendix B,

Table B-4 as having Cookrs D values greater than O"i,64" AI1

of the stations in Table 3.8 and Tab1e B-4 had previously

been identified as being outliers using both the confidence

intervals and the cutoff value for the studentized residual.
Possible ex¡lranations for the anomalous data sets have been

previously offered for all of the stations"

3"3"5 fmplications of Sample Statistics Data Screenino

The sample statistics from recorded data sets may be used

in various $rays in the data screening process" By plotting
the sampre statistics against drainage area the basin or

regional data sets can be assessed for gaps in the range of
drainage areas covered by the hydrometric network. on the

other hand, these plots may identify ranges of drainage areas

Èhat include Ìarge numbers of stations, which may indicate
some redundancy in coverage of the hydrometric network in
terms of basín drainage areas.
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These plots of sample statistics versus drainage area

also indicate station data sets whose sample statistics
obviously differ substantially from the other stations of the

region. An example is the composite statistic mO{I, for
which anomalously high values identified several data sets

whose values appear to have been affected by nearby

reservoirs.

The investigation of the sample statistics for the

Pernbina River data set indicated that only five sample

sÈatistics were related. to drainage area. The other statis-
tics lrere unrelated to drainage area or only related for
smalI numbers of data sets" Probrems with short data sample

periods and unstable parameter estimation for the statistics
based on higher nonents led to wild fructuations in some

statistics in regional terms. Two measures of centrar
tendency, mean and median, and three measures of díspersì-on,

standard deviation, range and maximum, were clearly related
to drainage area. rnvestigations into the strength of these

relationships indicated that in comparison to the range and

maximum, the standard deviation v¡as the best index variable.
Based on the strength of the relationship, the median is a

poorer index variabre than the mean but accounts for a

different aspect of the central tendency and is not dependent

on the larger values ín the sample. since the linear
relationships between the logarithms of the sample statistics
and gross drainage area were relatively strongl statistical
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measures produced in the regression analysis were used to
investigate further the station data sets for anomalies"

Three statistical tools $¡ere found to be useful in iden-

tifying anomalous station data sets" The prediction
confidence interval identified stations whose sarnple statis-
tic value was obviousry different than that predicted by the

regional regression eguation. The use of an absolute cutoff
value for the studentized residual_s of the regional

regressions identified additionar stations whose data sets

reguired closer scrutiny as to the cause of the noncon-

formance of the sample statistic relative to the regional
regression equat,ion. The use of the cookrs D statistic to
ident,ify infruential data seÈs from the regionar regression

analysis ident,ified essentially the same anomalous station
data sets as the cutoff value for the studentized residual.

The annual mean flow and daily mean peak flow were the
main data tlpes examined in this analysis since these stream-

flow measures are important hydrologic parameters in any

analysis of a stream system" The annual mean flow indicates
the volume of water avairable from a basin and is used to
size future developments" The daily peak flor+ is an indica-
tion of the flood potential at a site u¡hich must be

considered in the design of a project. Knowledge of anom-

alous stations with respect to these two data types is
important if any future development in a basin involves the
use of theèe data sets. Any decisions based on the data from
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the anomalous st,at.ions may be suspect and as such rnay reguire

further investigations.

Identifying anomalous station data sets using the monthly

mean flow data in the basin was found to be another helpful
approach" In order to use all stations, including seasonal

stations, for all analyses, the monthly examinations were for
March through October, which is the period in which the

seasonal stations operate" Generally, the anomalous monthly

data sets were grouped into the low and high flow rnonths.

The high flow months of April to June included the spring

snowmelt and early spring rains, which produced the majority

of the annual flow for the stations under study. The low

flow months (March and July to October) included minor or

negligible base fl-ow supplemented by extreme flow events,

early snowmert in March and rainfart events during the summer

and fall" Due to the differing causes of the inconsistency

in the data sets, some stations were identified as being

anomalous with respect to one or both of these groups.

Therefore, an investigation of both of these groups may be

required to detect problem data sets in the region or basin.

The identification of stations whose data sets do not

follow the regional norm may have some consequence for the

evaluation of the hydrometric network. As has been discussed

in previous sections, anomalous data may indicate metering

problems, short or unusual periods of recordr or basín

reguration upstream of the station. on a ."gioni or stream

system basis, anomalous station data sets may indicate
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subbasins which have hydrologic conditions dissimilar from

the remainder of the stations being analyzed in the region.

rf these stations rnrere to be used in a regional anarysis for
data extension or data transfer, these variations in basin

conditions should be recognized and accounted for (e.g.

included as additional factors in regression analysis).
Another cause for anomalous data sets may be random

clinatic factors which the data reviewer must take into
account" This may be illustrated by considering the effects
of an extreme rainfall runoff event on a stream system. rf
this extreme rain occurred only over a smaIl portion of the
stream systern, the stations which recorded this runoff event

would then have differing strearnflow characteristics than

those that had rrmissedtt this event "

The identification of anomarous data sets in a network

review focuses attention on specific problem areas. The data

reviewer should investigate the stations that have been
Itflaggedrr to ascertain the reason for the problem station
data sets. Judgenent by the data reviewer will be needed to
assess the effect of the anomalous data sets on flow
parameters derived from the network under study"

3. 4 REGIONAT, CORRELATTON ANALYSIS

rnterstation correlation analysis of a hydrometric net-
work investigates the strength of relationships between the
streamflow data in a regíon or basin. An examination of
these correlations should allow the data reviewer to identify
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station data sets that are well correlated. indicating
rrclusteringt' of these statíons. This clustering will aid in
identifying hydrologically-similar or homogeneous regions"

Any anomalous station streamflor* data sets should then be

able to be identified from the poor correlation with the rest
of the stations in the basin.

Regional correlation analysis has been conducted by

several agencies on hydrometric networks. Davis and courson

11967 I used a method developed by Langbein []-9601 to identify
hydrologic zones in the headwaters of the Saskatchewan River.
This method correlates the logarithrn of the deviations from

the mean for the monthly flow data. Davis and courson li.g67J

found that seven general zones of hydrologic similarity could

be identified from the correlation results, and they then
provided hydrologic explanations for the observed results and

groupings.

A regional hydrologíc analysis of the Cypress Hil1s,
located in southwestern saskatchewan, v/as conducted by

Environment canada t1-9731. This regional analysis included
an assessment of the hydrometric network of the region and

utirized the Langbein rnethod in the correlation of the
monthly mean flow data sets. This study used two methods to
deal with the probrem of incorporating zero monthly frows in
the logarithmic correlation analysis. one approach assumed

zero flows to be o. oo4 cfs (0. oooL m3,/s) , and the other
approach excluded any rnonthly mean flows less than l- cfs
(o"028 m3/s). The first approach yielded lower correlation
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coefficient values for the najority of the station pairs con-

sidered, yet the alternative approach of excluding 1ow fLows

obscures the regime nodifying effects of man-made storage or

flow diversion, which are greater at 1ow flows" The results
of the correlation analysis were used in determining

hydrologic zones, which were then used arong with management

reguirements for hydrologic information to develop certain
hydrometric network reconmendations for the cypress Hil-ls
regíon"

The Manitoba hydrometric network was reviewed by Bowering

and Bilozor 1L972 | L977 I in order to identífy redundancies in
the network and to determine an operation plan for the net-
work. these studíes used correlation analysis in conjunction
with station classification and data use surveys to recommend

changes in stat,ion operations. certain stations in Manitoba

Ii{ere recommended to have their period of operation reduced

where an tracceptablerr regression equation for monthry f low

using another station was found.

The correlation analysis conducted in this study was

divided into tç¡o parts. The f irst part calcul-ated pearson

and spearman correration coefficients for the hydrometric

data of the Pembina River basin" The second part used these

correlation coefficients to identify clusters between the
station data sets" These statisticar groupings were examined

to identify anomalous stations and hydrologically homoeneous

data sets.
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3"4.L Description of Correlation and Cluster Ànalwsis

The interstation correlations for the Pembina River basin

dat,a sets $¡ere deÈermined using the pearson product-moment

correlation coefficient and the spearman rank-order

correlation coefficient. These two correlation measures were

then used to identify groupings in the station data sets

using a cluster analysis method"

3 " 4 " L" L fnterstation Correlation

correlation gives a measure of the strength of a linear
relationship between two variables. rn terms of streamfrow,

correlation measures the degree of similarity between the
runoff production of two basins. rf the correlation is high

between two streams, it does not mean that frow changes in
one stream wilr lead to changes in the other stream. The

dependence in correlated streamflow variables is more

stochastic in nature than a physical or cause and effect
dependence.

The Pearson product-moment correlation coefficient (r) is
cornputed from the station data sets as:

r: X(X-X)(Y-y)
f-r
L 

tf* - x)2 x(y - Ð2 )

Flhere: X is the
Y is the

mean value
mean value

of the X
of the Y

station data
station data
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The spearman rank-order correlation coefficient (rho) is
a nonparametric measure of association that is calculated as

the correration of the ranks of the data. This statistic has

been used previously (in another form) in the nonparametric

tests for internal independence and trend (see section
3.2"L). To calculate rho, the data for the x and y series
are ranked such that ri is the rank of the ith x val-ue, and

si is the rank of the ith y value. Averaged ranks are used

in the case of ties. The spearman rank-correlation is
calculated as:

rho :

t-_^
Lttti r)¿ x(si-

where:

t(ri - r) ("i - ãl

These correlation coefficients r¡/ere calculated using the
correlation (coRR) procedure in the sAS (1982b) program.

This procedure r¡ras appried to the station data sets for each

data type under investigation. This resulted in two

correlation matrices for each data type relating station to
station" These interstation correlation matrices were then
subjected to cluster analysis.

rIS
STS

the mean of the X-ranks (ri)
the rnean of the V-ranks (si)

- 0.5
ã),.J

3 "4 "L.2 Cluster Analysis

Ã' cluster analysj-s was used to divide the station data
sets into associated groups. The Mceuitty ltgsTl method of

(3.33)
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rinkage anarysis was used in splitting each interstation
correlation matrix into station groups.

The McQuitty linkage anarysis method is an argorithm that
uses a stored distance methodologiy of hierarchical clustering
to identify cluster groups" This method was used by wedel

lL979l to identify groupings of hydrornetric stations for
small streams in Manitoba. The algorithm is best illustrated
by a worked example.

Table 3 " l-o presents the correlation coefficient matrix
for a hlpothetical river basin consisting of six stations (A

to F). The sç[uare metrix is sprit by a right diagonal con-

sisting of ones (station data correlated with itself), and

the two halves of the matrix are mirror images of each other.
The method proceeds in a step-by-step fashion:

l- " search each col-umn and circle the highest varue in
each column (see Tabl_e 3.l_O) .

2" serect the highest correlation coefficient in the
matrix" The pair of stations so identified is the
first reciprocal relation. rn TabÌe 3. i-o this is c

and E" These are the first two of the first group and

are represented schemat,ically as:

C;^ E

3. Read across

values fall

the

in

row for E to see if any other circled
that row- Station B does faII in rohr
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E. No other circled values fatl in rotr C" These are

known as the first relations and are represented as:

C=-E*B

4. Examine the ror{r for B to see if any other circled
values fall in this row. Station A does fall in rohr

B, and this is known as a second relation. Searching

row A does not yield a third relation, and so the

first group is represented as:

C:- B*A

5. Excluding the correlation coefficients already used,

find the next highest circled. value in the matrix.

This ne$¡ pair, D and F, are the second reciprocal
relation which make up the second group since no other

stations are left unassigned.

D=* F

This procedure was appried to the interstation correla-
tion matrices for the pembina River basin to identify
groupings, reciprocal relations and sirnple relations.
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Hlpothetical Basin Correl-ation Coefficients
Èo fllustrate McQuitty Procedure

Station

Table 3. 10

A

B

c

D

E

F

A

3 " 4.2 Data Investiqated

Interstation correlation matrices r^¡ere calculated for the

period mean flows, the daily mean peak flows and each of the

monthly mean flows for the open-water months March to
October" The correlation analysis covered the period L957 to

l-980, and each interstation correlation spanned the period of

concurrent record"

The period mean flows r¡¡ere investigated rather than the

estimated annual mean flows because it has been shown by

Davis and Coulson lJ.g67l that the relationships between

stations are not significantly affected by correlating mixed

records (open-water and continuous periods) as the

interstation correlation rneasured the relative relationship
between stations" This would be especially true for the

i_

B

0.95

0"85

0.96

o.75

o.97

l-

0"96

0.86

Station

c

0.95

0"96

1

0.89

D

o. 85

0.86

0"89

l-

o .87

(:'D0"85

E

0.96

0.98

o.82

F

o. 75

0"85

0.82

0"87

t-

0.85

0. 85

1
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nonparametric spearman correlation, which correlates the
ranks of the data sets"

3.4,3 Results of Correlation and Cluster ,A.natwsis

The Pearson and spearman correlation matrices for the
períod mean flows are presented in Tabres 3. L1 and 3.!2,
respectivery. rn addition to the pearson and spearman corre-
lation coefficients, these matrices include the number of
concurrent observations used in the correlation analysis (n)

and the probability that the carcutated correlation (r or
rho) is actually zero. This probabirity is calcurated by

treating the value pz as coming from a two-tailed studentrs t
distribution with n-2 degrees of freedom, where pz is ca1-

culated as:

pz : (n-z¡0"s r/(I_y2 )0"5 (3.34)

where: r ís the appropriate correrati-on coefficient

This probability becomes significantly large (> t-OZ)

small r or rho values or for small sample sizes.
The Pearson and spearman correlation matrices

daily mean peak flows and the monthly mean flows
sented in Appendix C, Tab1es C-l_ to C-LB.

only for

for the

are pre-
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Tabl_e 3 .Iz
spearman correl-ation coefficients* for pembina River Basin
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The interstation correlation analysis included every

station in the Pembina River basin regardless of the years of
concurrent record (pairwise default nethod) " The overlapping
period of record for certain stations hras guite low (less

than ten years) or nonexistent. rt was recognized that using

a pairwise or missing correlation rnethod may lead to
statistical difficulties; however, the application of the

McQuitty algorithm for cruster anarysis is flexible enough to
accommodate these correlations"

The McQuitty cluster analysis was conducted on the inter-
station correlation matrices with the condition that at least
ten years of concurrent record s¡ere reguired for a correla-
tion to be included in the cluster analysis" This limited
the number of pairs of stations included in the cluster
analysis, but this limitation makes sense in hydrological
terms since any use of these grouping must recognize the
number of years which r.¡ere considered. An example is the
Pearson correlation between station O5OAOI-3 and O5OBOO8 found

in Table 3.1-l-" The r varue is o.gggg3 but is based on only
three concurrent years. This extremery high r value suggests

that there is a substantiar rerationship between the period

mean flows for the two stations. However, with such a smal1

overlap in the number of years, this knowledge is of rittle
help since any extension technique or data transfer technigue

could not be used with any confidence based on such a short
overrapping peìioa.
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The results of the McQuitty cluster analysis for the
period mean flows are presented in Figures 3.3 and 3.4. The

resurts of the cluster analysis for the daily peaks and

monthry mean flows are presented in Append& c, Figures c-l-

to C-1-8 "

3.4"4 Discussion of the Correlation Analvsis

An examination of the interstation correlation matrices

indicated that the parametric pearson and nonparametric

spearman coeffi-cients gave the same rerative measures of
correlat.ion. The correlation matrices also showed that the
correlations were stronger for the period mean fLows and the
nonthly mean flows of the high fIow months (Apri1, May and

June) than for the daily peak flows and the rnonthly mean

flows of the low frow months (March and July to october).
This phenomenon $/as noted previousry when comparing the
strengths of the linear rerationships between the sample

st.atistics and drainage area.

The results of cluster analyses on the ínterstation
correlation matrices suggested that the groupings based on

the Pearson correlation coefficients hrere generally the same

as those based on the spearman correlation coeffj-cients. rt
was found that the groupings were reasonable in a hydrologic
sense" For example, stations on the same tributary being
grouped together, adjacent stations being grouped together,
stations from the same general area being rerated. The

cluster analysis did not identify anomalous stations.
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First Group
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\*aoos\BOl-6 -=-BO2l-

Second Group
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Third Group
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Fourth Group

A0l_3;-A006

Figure 3.3

McQuitty Cluster Analysis
Pearson Correlation Coefficients

Based on Period Mean Flows
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Second Group
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Third Group
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Figrure 3 " 4

McQuitty Cluster Analysis
Spearman Correlation Coefficients

Based on Period Mean Flows
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3"4"5 fmplications of Correlation .Ana1ysis
on Data Screenina

The information given with the correration matrices may

be used as a method of checking the number of overrapping

years in a basin" Also, the correlation matrices give the

strength of the linear rerationship between stations in a

basin" Knowing which stations have overlapping records, and

which station records are well correlated is an important

step in extending or transferring streamflow records within
the basin" The cruster analysis indj-cates to the data

reviewer the groupings in the basin and may be used to
indicate homogeneous hydrologic areas.

1_08



Three types of statistical technìques \,\rere applied to the

station data sets of the Pembina River basin. The resurts
and corresponding conclusions derived from the application of
the technigues are as follows:

L. Nonparametric data screening is a good general tool
for identifying station data sets which should be

scrutinized for possible data or metering problems.

2" The general plots of sample statistics versus drainage

area give a good indication of the basic relationships
in the basin and the range of drainage areas covered

by the hydrometric network of a basin. The mean,

median, standard deviation, maximum, range and yield
sampre statistics were found to relate werr to the

drainage area.

3 " outlier detection technigues h¡ere able to identify
station data sets which had sampre statistics which

deviated significant,ly from the regional norm. These

anomaLous station data sets could then be scrutinized
for possible explanations"

4" Any data transfer or data extension technigue employed

within the basin must recognize that: (1) good

correlations h¡ere found for the monthry rnean flows of
high flow months of Apri1, May and June and the period

mean fIows, and (z) poor correrations v¡ere found for
the monthly mean flows of the low flow months of

4 " CONCLUSTONS AND NETT{ORK REVTEW
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March and July to October and the daily mean peak

flows.

5. The cluster analysis was able to identify station
groups that were rrreasonablerr in a hydrologic sense.

The basin seems to possess a very good hydrometric net-
work; however, a few minor problems $/ere noted in the study:

1" There are no stations with gross drainage areas less

than 68 ¡¡n2" Stations covering areas of this size
are indispensable in the design of small agricurtural
and domestic projects" There is a paucity of data for
basins of this size and any extra information gathered

would be helpful for hydrologic engineers who are

asked to size, develop and desÍgn small projects.
2. The overfrow of the pembina River above station

05oc004 (Pembina River at Neche) is not measured or
accounted for" This reduces the usefulness of this
gauging station as a long-terrn indicator of basin
yield, especially for points upstream of the station.

3. Recognizing that some of the stations in the basin are

for operationaJ- purposes onry, certain stations are

located below or near to structures which may affect
the usefulness of data transferred from these stations
(or used to extend data at) sites without regulation.

There are also several general comments pertaíning
hydrometric networks and hydrometric data collection based.

l_l_o
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the authorrs personal experiences and observations as a

hydrologic engineer.

l-" The hydrologic system is a cornplicated phenomenon that
the engíneer is trying to understand and to knou¡" The

recorded streamflow is the basic result of the

integration over the basin of all the various

combinations of inputs to the system (precipitation,
soil conditions, basin conditions, melting conditions,

etc. ) . The hydrologist is left only with rrsnapshotsil

of the runoff phenomenon, which are published as daily
mean f1ows, daily and instantaneous peak f1ows,

monthly mean flows, and annual and period mean flows.

Àny deterministic, stochastic or probabilistic
modelling of runoff in the basin is 1inited by the

availability of this streamflow data and the

confidence placed in the modelling by the modeller is
directly related to the guantity and guality of this
data"

2" Usual1y, data has not been collected at a proposed

development site, and therefore a technique for trans-
ferring data to the site is required. However, if
data has not been recorded on nearby streams or on

hydrologically-sirnilar streams in the area, the

hydrologist does not necessarily have too much

confidence in the transferred data that eventually

must be used"
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3" Most hydrologic nodels depend on a relativery rong

data record in order to predict the response of a

basin. Therefore, data records must àtso be extensi_ve

enough temporally to be of use to the hydrologist.
rt is recognized that every data need for a basin is
irnpossible to cover both in space and time. However,

based on the author¡s experience in being unable to
obtain data for projects, it is difficurt to recommend

station discontinuance. Every year and every station
for which streamfrow data is corlected yields more

pieces t.o the puzzle that is ca1led nhydrology. rt

4"
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5, ]- STREJA}ÍFIOW DATA

t_.

5. RECOMMENDATTONS A}ID LIMIT^â,TIOI{S

The data screening techniques díscussed in this study

should be applied to several basin-wide hydrometric

networks to test the general_ suitability of the

technigues for networks of various sizes.

The Pembina River basin has many stations with most

having long periods of record. The technigues should be

tested on basins (or regions) with fewer stations and on

basins with linited overlapping periods of record.

At the tine of this study, few stations had. substantíal
periods of record for instantaneous peak flows. perhaps

in the near future enough instantaneous peak frow data

will be made availabre to apply these statistical tech-
nigues to this type of hydrometríc data.

The summation of flows from March to october may be a

more appropriate streamflobr parameter to be investígated
than the period mean flows or the extended annuar mean

flows" This parameter wourd need to be extracted from

the nonthly mean flows published by water survey of
Canada "

2"

3"

4.

5.2 STATISTICAL TECHNTOTIES

1" Parametric tests for independence, trend., homogeneity and.

randonness shourd be applied for the station data sets

l_L3



2.

and the results compared v¡ith the nonparametric tests.
sirnple statistics for the logarithms of the station data

should be òalculated and rerationships based on this
transformed data investigated"

other basin physical characteristics such as basin slope,
longest channel length, drainage density, percentagie of
basin covered by lakes and sloughs, etc., should be

included in any further work on regional regression
analysis.

Langbeints (l-960) correlation procedure, which correlates
the logarithn of the deviations from the mean for the
monthly flow data, should be applied to the station data

as an alternative to the pearson and spearman correration
procedures.

a

4"

5. other cluster analysis techniques may be applied to the
correlation matrices in order to study further the group-

ings of the hydrometric stations.
6. As more hydrometric data is collected, the more complex

network evaluation techniques of square grid regional-
ization, kriging technigues and Bayesian analysis, etc.,
may become more viable

LL4



REFEREI{CES

L. Acres Consulting Services, 1977.
Hydrometric Data. rf

2" Bastin, G., T,orent, 8., Duqué, C., and Gevers, M. I i,gg4.ttoptirnal Estimation of the Average Areal Rainfall andoptimal selectíon of Rain Gauge Locations. r l{ater
Resources Res., VoI. 2O, No. 4, pp" 463-470.

3 " Be1sley, D.A. , Kuh, E. , and Wel_sch, R.E. , LggO.rrRegiression Diagnost.Ícs: rdentifying rnfluential Data andsources of collinearity"tt John wiley and sons, Ne$¡ york,
N. Y.

4" Bowering, R.J. , and Bilozar, W. , L972. rrAssessment ofExisting Hydrometric Data Network in Manitoba. rr Reportsubmitted to the canada-Manitoba coordinating commitlee,
Winnipeg, Manitoba.

Bowering, R.J. , and Bil-ozar, W. , L9g0. rReport on the
Review of L977 -Manitoba Hydrometric Data Netwórk." Reportsubmitted to the canada-Manitoba coordinating commitlee,
T{innipeg, Manitoba.

condie, R., and Nix, G.A. , Lg7g. rFlood Damage Reduction
Prograrn Flood Freguency Ànarysis. r Engineering Hydrologysect,ion, Engineering Division, water eianning ãnd-Manage-ment Branch, rnrand Ì{aters Directorate, Environment
Canada, Ottawa, Ontario.

conover, w.J. , r97L. rpractical NonparametricStatístics.rr John Wiley and Sons, New york, N.y:

cook, R.D. , L977. ttDetection of rnfluentiar observationsin Linear Regression. n Technometrics, Vol . j_l_, No. 1, pp.
L5-r_8.

cook, R" D" , L979 " trrnfluential observations in Linear
Regression.rr Journal of the Àmerican statistical Associa-tion, Vo1 " 74, No. 365, pp" l-69-L74.

5.

¡tEconomic Evaluation of

6.

7.

8"

o

l-0. Daniels, H.E., l-950. rRank correlatíon and population
Models " 

rr Journar of the Royal statistical sociLty , B,VoI" 12 , pp. 171_-t_8 j_ 
"

1l-" Davis, D.4., and coulson, A., j,967. r'Hydrorogic Zones inthe Headwaters of the saskatchewan River. ñ TechnicalBulletin No" 6t rnland waters Directorate, Department ofEnerg'y, Mines and Resources, Government õt canada,Ottawa, Ontario"

1_1-5



1,2" Dunne, T", and Leopo1d, . L.B. , 1979. tlrlater in Environ-
mental Planning. rr w" H" Freeman and co. , san Francísco,
California.

t_3 " Durrant, F., and B1ackwell, S., l-96L. ,The Magnitude and
Frequency of Floods in Alberta, Saskatchewan and
Manitoba." Hydrology Division, prairie Farm Rehabirita-
tion Administratíon, Regina, Saskatchewan.

Eisenlohr, W. S. , Jr. , L972. rrHydrologic Investigations
of Prairie Potholes in North Dakota I i.g1g-68. r U. S.
Geological Survey Professional paper 585-A.

]-4"

15. Environment Canada, i,973 "logic Ànalysis. It Inland
Resources Branch, Water
Saskatchewan"

l-6. Environment Canada , I974. rrEconomic Aspects ofHydronetric Network Planning, À preliminary Study onApplication of Dynamic programming Technigue to pIañning
of Hydrometric Network.It rnland !{aters Directorate,
!{ater Resources Branch, Ottawa, Ontario.

Environment canada, LgBo . ttsupprying Hydrornetric and
sedinent Data to usersrr rnland waters Dirèctorate, water
Resources Branch, Ottawa, Ontario.

Environment canada, Lgg3. tHistorical streamflow summary
- Manitoba to L982"n Water Survey of Canada, IntanãWaters Directorate, Water Resources Branch, Ottawa,
Ontario.

1,7 .

1_8 "

rrCypress Hil1s Regional Hydro-
I{aters Directorate, Iriater
survey of Canada, Regina,

l-9. Fiering, M" B. , L96s. ¡fAn optirnization scheme for
Gauging. tt Water Resources Res. , VoÌ. L, No. 4, pp" 463-
470"

20. Gibbons, J.D. | 1976. tNonparametric Methods for
Quantitative Analysis"¡t Holt, Rinehart and winston, New
York, N"Y"

21,. G1asser, G.J", and Winter, R"F. I i_96L, rrCritical Valuesof the coefficient of Rank correlation for Testing the
Hypothesis of Independence.il Biometrika, Vol. 48; pp.
444-448 

"

Godwin, R"8., and Martin, F.R"J. , Ig7S. *Ca1culation ofGross and Effective Drainage Areas for the prairie
Provinces.rt published in the Canadian Hydrology
symposiun 7s proceedingsr National Research coüncil oiCanada, Associate Coinmittee on Hydrology, I^iinnipeg,
Manitobar pp. 2L8-223 

"

22"

r_L6



23 - Greis, N.P., and wood, E.F., 1,981-. ttRegional Flood Fre-
çtuency Estimation and Network Design. rr water Resources
Res., VoI. L7, No. 4, pp. LI67-IL77 

"

24 . Haan , C.T. , L977. -'statistícal Methods in Hydrol0gry. "fowa State University press, Ames, Iowa.

25 " Hodges , J .L. , Jr. , and Lehman, E. L. , j_956. rÎhe
Efficiency of some Nonparametric competitors of the t-test. rr The Annals of Matheinatical statistics, vor . 27 ,pp. 324-325"

26. rnternational pembina River Engineering Board, Lg64.ruoint rnvestigation for Development of the water
Resources of the penbina River Basin, ManÍtoba and North
Dakota.rr report to the rnternationar Joint commission.

27. Kennedy, J.8., and Neville, À.8., I976. rBasic Statis-tical Methods for Engineers, second Edition. rr Harper and
Rohr, New york, N.y"

28" Kie1y, D.À., and Goulter, f.C., L996. rA Method for
Generating Winter Flows for Seasonal Stations on prairie
Rivers. rr Hydrologicar science and Technology: short
Papers, YoL" 2, No. 2, pp. 5-L3.

29 . Kreuder, w. L. , i,979. rDevelopment of Hydrometric Net,-works in British corumbia.t tr{ater Resouices Res., vol.L5, No. 6, pp. L677-|6BS"

30" Langbein, w.8., l-960. r'Hydrologic Data Networks and
Methods of Extrapolating or Extending Available Hydro-logic Data. rr pubrished in Hydrotogic Networks and
Methods, I{orld Meteororogical organization, Flood controlSeries No" !5, Geneva, Switzertañd"

31-. Langbein, [,I.B., 1-g7g. ttoverview of conference on Hydro-logic Data Networks. rr $Iater Resources Res. , vol . 15 , No.6, pp" L867-L87L"

32. Maddock, T., rrr, 1974. rrAn optimun Reduction of Gaugesto Meet Data program constraints.rr BuIr. rnt" eás,Hydrol" Science, Vol" !9, No. 3, pp" 337-345"

33 " Mann, H.B. , and Whitney, D"R. , 1947. rron a Test ofwhether one of Two Random variabres is stochastically
Larger than the other" t! The Annals of Mathematical
Statistics, VoI" 18, pp.50-60"

34" McQuitty, L"L" , j-9s7. ¡¡Elementary Linkage Analysis forfsolat,ing Orthogonal and Oblique Types anã Typal
Relevances.rr Educational and psychorogical Measurement,
VoI" L7, pp" 207-229"

LA7



35. Moss, M.8., L979. rrSome Basic Considerations in the
Design of Hydrologic Data Networks. rr Irtater Resources
Res", VoI. 1-5, No. 6, pp" L673-L676.

Moss, M. E. , L982. rrConcepts and Technigues in -Hydrologicar Network Design. ft world Meteoiological
Organizat.ion, Operational Hydrology Report No. l_9, WMO-
580, Geneva, Switzerland.

Mowchenko, M., L978. rrReport on Median Annual Unit Run-
off for the Prairie Provinces.tt Hydrology Report No. 92,
Hydrology Division, Prairie Farm Rehabilitation Adrnínis-
tration, Regina, Saskatchewan.

Prairie Farm Rehabilitation Adrninistration, L993. rThe
Determination of Gross and Effective Drainage Areas in
the Prairie Provinces.¡r Hydrology Report No. LO ,Hydrology Division, Regina, Saskatchewan.

36.

37.

38.

39. Rodda, J.C., 1,969. rrHydrological Network Design - Needs,
Problems and Approaches.rr worrd Meteorologícal organiza-
tion, fnternat.ional Hydrologic Decade Report Nó. 12,
Geneva, Switzerland.

40" SAS, L982a " rrSAS User I s Guide: Statistics , j.ggz
Edit,ion.tt SAS Institute Inc., Cary, North Carolina.
SAS , 1-982b " rrSÀS User I s Guide: Basics, l9B2 Edition. rt

SAS fnstitute fnc., Cary, North Carolina"

Scott, E. L. , 1-983 " ItEvaluation of the Ef fects ofDrainage Developments in the Municipalities ofChurchbride qnd Langenburg. ¡' Hydrology neport #t_Oj_,Hydrology Division, Prairie Farm Rehabiritation
Adninistration, Regina, Saskatchewan,

shawinigan Engineering co" Ltd" , Lgzo. rtHydrometric Net-
v¡ork Planning study for western and Northern canada.rl
Report, 5Ol-4-1-70, Montreal, euebec.

Shiau, S. -Y. , and Condie, R. | L979. 'rstatistical Testsfor rndependence, Trend, Homogeneity and Randomness.rl
Hydrologic Application oivision, I.iater Resources Branch,
rnland waters Directorate, Environment canada, ottawa,
Ontario "

solomon, s.r,, L972"'rMulti-regionarization and Network
strategy. tt in casebook on Hydrological Network Design
Practice, l{orld Meteorological Organization, Geneva
Switzertand"

4L.

42"

43.

44"

45"

l-1_8



46- stolte, w.J. , and Dumontier, G.R. I i.g77. rrFlood Fre-quency Analysis for Mountainous and prairie streams. rf
Research Report Hy-77-o3, water sciences Group, Depart-ment of civir rtngineering, university of sas'rãtchãwan,Saskatoon, Saskatchel¡an.

47 " stuart, 4., L9s6. ¡rThe Efficiencies of Tests of Random-ness Against Normal Regression. r Journal of the AmericanStatistical Association, Vol. 5t-r pp. ZBS-287.

48 " Switzer, p. , Ig7g.
Network Design. rt !{ater
pp. 1,712-1_7 L6 

"

49. Villeneuve, J"-p.., Morin, G.r- Bobee, 8., and Lebanc, D.,:.979. 'Kriging in the Design of streamflow samþriniNetworks.rr Water Resources Res., VoI. 15, No. 6, pp"
1 833-L840.

50. vinod, H. D. , and ulIah, A. , r-ggr-. rRecent Advances inRegression Methods. tt Marcer Dekker, New york, N.y.
5l-" $Iald, A., and wolfowitz, J., rg4o. ,on a Test of whetherTwo samples are from the same population., The Annars ofMathematical Statistics, Vol . LI-, pp. l^47 _j-62 .

52. Wedel, J.H., 1979. nAn
Network in Manitoba. rr an
Spatial Analysis, Dept.
Winnipeg.

rrStatistical Considerations in
Resources Res. , VoI. l_5, No . 6 |

53" Wilcoxon' F. , 1945. ¡rrndividual comparisonsMethods.rt Biometrics, Vol" L, pp. g0_g3.

54 " Wood, E. F. , 1979. r¡A Statistical ApproachDiscontinuance.r t{ater Resources Res., VoI.
pp " i.8s9-1 866 .

Examinatíon of the Hydrometric
unpublished research paper forof Geography, University of

by Ranking

to Station
15, No. 6,

r1,9



r want to express my gratitude to Dr. ran Goulter for his
advice and suggestions during tne irogress of this work.

To ran Mclaurin and Dale Kimmett of water survey of
canada for their direction and aid in the hydrorogy and for
obtaining the streamflow data used in the study.

To the Natural Sciences and Engineering Research Council
for their financiaL support in the form of a graduate

fellowhsip"

To Jane Rakochy for the typíng of the early drafts and

the final manuscript.

Finally, to rny wife April for her support and understand-
ing during the conduct of the study and throughout the
writing and preparation of this work.

Ä,CKI{OWI,EDGEMENTS

1,20



^âPPENDTX A

DEVI.ATION OF S^AÞÍPI,E STATTSTICS

F'OR PEN.ÍBINÃ, RI\IER STREAMI.I.OI{Í DATA

),2L



Listing of the SIMPSTATS program

c
c
c

I ÌtlEE¿R yR, Htp, yeR I lo ¡ . aR¡Âl to ), sFARga ( !o!, oúrrily, aF, ou2, typE
ÂrÀL. I g1À, alA¡Ailf tO, . ü€W3Pc
REAt.t S TOPgR/' - 99I B g 8' / , S1Alr
DtHEt¡S I 0N pMl lo3o ), F f 1o3o),aRy f 2oo l, Fy I lo), BHI to),sEAs f 2oo)DtBEHStOl¡ aoJt¡tl lo), aoJFy t to), D( toool

c sEl UP
KS¡O
IDozro
tAMrO
FY(ll!-400.
¡JK'r

Table A-1

lo

tt
l2
tl
ta
16 1000

c
C READ

t6 Í
C READ

c
C REAO Ttr DAIA IYPE I tÀH}¡ 2¡ÞEAK 3!HONlHLY
c

READ, lYPE
lF(1YPE.XE.3) colo I
RE A0 , xotr r{
wRtTElS.loool x0NlH
FoRMÂÍ(' 1.,//l/,tox.,DÀÎa FoR HoßlB ltuMBER 

" 
t2,//t

Ill sTÀ1t0¡t DÂfa FoR s1ÂlIors to 8E axaLy2eo
REAO, IIS IA

¡x rHE F¡Rs1 srar¡or tfl sEoiJExcE
REÀD(5. loo' sfafll
FoRMÂf ( Âz )
00 lo ttt,ìsÎa

l7
IE
t9
20

23

24

I OO

READ(5,2OO) SlANA',II T ).AREAf f ). EFAREÀI r }. YERf ¡ }wRtlE(6,2OO) StAr¡aMl tl.aR€Â(r ),EFAREA(t),yER(tt200 FoRMAI(A7,5X, r6,4X, rs,3X, ¡3)
to cof,lttruE

C BRAXCH POR PEAX AXD MOIIlH!Y OAIÂ
c

tFITYFE.Gl .1) cOlo 240
c
c

c
c
c
202B

2a
27
26
2A
30
3t
32

RÊAD ¡fl AI'HUAL FLOW OAfA
READf 5,3OO) StA,yR,HLF, lpn{X},K! t, 8),AH

CHECK FOR E¡ID OF AII'UAL OÂ1A
lP(Yt.L1.o¡ COlo 390
0U2ro

OO 30 Írr,8
rFlPr,rÍKl.cE.ol c0lo 30

ar,lIuaL Ft0T/ SECf lOr

OU2tl
30 co¡ttfluE
3OO FORl,tAl( tx,a?, t3, tx. t l,6f 1r,c6),1?5,c9)
C WRIÎEf6,3o3l StÂ,yR,NtF,fptrlX,,Xrt.B),AH
c wRITEf8.3O3¡ 51Â,yR,HLF,lpH(F),'<¡t,6¡,AH
c3o3 FoRHAÎl 6X,A?, rOX,' 1 

" 
t3,EX. I l, 6f 3X,F8. ô),2OX, FS,4lE ¡S SlAÌ¡ON lHE C0RRECl S1ÂttOfl?

¡FtSfA.nE.tlÂtrl 6010 rDo
c cHEct( Fo¡ coRREcT ÞeRt0D
óo tFlYR.Ll.YERfrJX'l 6010 20

¡Ff pM{3¡.Ll.O.OR.Þr{(a}.11.o' colo 20
C SRA¡CH I¡ FATTlI!'E FLOçS

3t

¡a
35

l8 tFlxLF.cE.?l C010 00
l? ItfAlil,Ll.20.AðO.0U2.Ge.ol 6010 taO
JA ÞUI4HY ¡O

Ê PUI FLOWS INlO SPRIIIC IIOI'1H FLOW ARRAY
c wRIlElS,toat

39 00 60 Xrl.8
40 sH(K') tpHfxl

c304 F0RXAt(5X,'SPRIì6 F!OWS'l
C PRI}IT, K,BHIK}

4 r 50 cot{1 I tauE
C CHECX FOR IIISSITC SPRIflG FLOW AIID RÊCORÞ HOIIlH
c 1HA1 F¡RS1 FLOW OCCURS ttl

42 DO 60 Ktt,G
¿3 rFlEH(Kll 81,62.62
44 6r cOTo 60
a5 62 SF. K
4G IF(SF.G1 .3) colo 20
47 GO10 83
4E 60 COrr¡¡uE
49 GO'O 20

c
c
c

so G3
st

CHECK TO SEE ¡F lII¡S ¡S I}IE FTRST YEAR OF
A'ID TF XOI SEID BO18 PREV FÂLL AHO CURREAI
l0 lxE Loc REcEss¡oil suBRoutrxE

rF(rY(t).r1.oI c010 lgo
CALL SPGYLO(FY, LF, BH,SF,ADJSH,ADJFY}

PUÏ ADJUSlEO FLOWS TXlO IHE FLOW ARÂAYSc

sf
34
5E 70

c
c

58

6S
89
80
G 1 AO

D0 ?O K.1,0
SMfXl raDJBr{lK}
rY f K 

' 
TAOJFY ¡ K )

coll1It¡uE
CALCULAlE lHE SUIIMEO FLOW FOR THE PRgV FÂLL ARD lHE

CURREI{I SPR,ItrG
SUXFAL ¡O
xgffiP6¡o
Þ0 ¿o Krl.8

sumFAL.FY(Xl+3UñPAL
{EwSPC r Bt!Í ( K , +ËgWS P c
co*f t tsuE

RECORD
SPR¡HC FLOWS

722



g2
3t
8¿
8g

C CÁLCUIAII 1I{! ¡Y!i¡CA Â[NUAL FLÛW FøR TÈG PR€V Y8AÊ
A¡ P tg V r 8 ULF Â L + ¡ Uxt P e
A¡P¡IYIANP¡IV/I2.
dÂXr lÂl'. I

Table A-1

c330
c
c
c sel
c t0

63
E7

Â¡Yf¡Ailt.ÀiÞRgY
wRt'tEl6,3to)
FoRHÂr I /./ )
PRIiT. ÂÈPRgV,XAH,ÂRy(tlAM],SUHFAL,t{EWSp6
rRttEf6,330)
fHE CURREPl SPRttaG FLOW tÈ10 1H8 3pO1 1HA1 t1 tS UteD
F¡XD IHE AI'I'UAI AVERACE FLOW
suxsPÊ!¡EWSPC
GO10 20

c
C FALL I'tOXlH FLOWS A¡D/OR SlRAIÈH1 AXNUÂL FLOW
c
C CÉECX 1O 3EÉ ¡F LOG RACESSIOfl IS XEEÞED

68 âO tFfOUHHY.cf.O) C0f0 125
c L0c REcESStOX 10 3Ê USED
C CHECK FOR LÀS1 FALL ¡IOXlH OF FLOW
c wRIlE(6,30ËI
C!06 FORMAl(3I.'FALL FLOWS')

88 0O rro x.r,8
to FYfrl.Þülxl
?r I ro coilltlrc
12 D0 rgo t.t,6
73 rF(FY(Ít 

' 
f23, t20. t20

74 rg3 LF.X-l
?g 6010 t20
?8 120 Êo¡1t¡ug
11 60ï0 r23

C SAVI IH! AYÊRAIS FLOW OF IXg PEITOÞ
7¡ t2a K3.fS.t
,g 9BÂS(fa ) ¡At
ôo 6010 20

C USE ÂX¡UAL FLOW AS GIYEil Ifl FLOW RECORD
c

( cont 'd )

8l l2s ta?i¡taH+t
c s10RÈ l.t0xlHLY FLOWS Iß CASe lBE XEXI
c wÂI1E16,306)
Ë3O5 FOR¡{À1IEX,'ÂNflUAL FLOWS USED')

82
E3
a4 130
86

a8
a7

C PRIIIl. TAS,ÂRYIt{AH),DUHMY
C }IO IIOillALY PLOWS ARE H¡SSIilG, SEl FLAG YARIAELE 

'O 
SHOW

C IH¡S
I 40 DUHHY I T

GO10 20
C 1H¡S IS lHE FIRSl YEAR. OF RECORD FOR lHE SfAIIOlI ÂT'O
C THE F¡RS1 1'OX1HS ARE HISSIflG ÂIIO IIO VAIUES ÂRE AYAILASLE
C FOR THE PREY FALI
c
E FOR Â ZER0 FtR81 SpRlrG ÊLOw ÂSSUI{E lXe F¡RS1 1W0 H0È1ffS
C TIAYE A zERO FLOW ÀLSO
r8o tF(8M(SFl.Ê1,O, GOÏO r60

BHfSF-r)!O.
8l{fl)¡O.
coro r ?o

DD t3o Kr1,6
FYIX)¡PH(K)
coxllllue

ÀRY ( ¡A?'tl ¡Ati

66
a9
to
9t

C ASSUME IHE PREY FALL LÂS1 FLOW WÀS 2ERO ÂIID LOC RgCESS lHE
C F¡RSI IWO HOfllHLY FLOWS

92 r6o BMl2l¡EXP{ (ALOCfBHt3) )+ÂLOG{.OOOS) }'.5)
93 8xfll:EXÞffaL0GlBHt2))+ÂLocl.oooËl)..s)
04 I 7o SUHSPc!o

t5
g6
9?
9t

C CALCULAlE 1H€ SUMI{ÊO SPRIiG FLOWS
DO lôO X!1,8

SUl.tSpG ¡ BHI K ) +sUHSpc
180 cofl1¡NUE

GO10 20

sPR¡rG ls Mtsstt¡6 FLows

c
c
c
c
c
c
I

1HE S1A1¡O¡ READ ¡¡ ¡S IIOl fXE SAXE AS lHE SIAIIOX IHA'I
CURRE}IlIY 8ÊIìÊ tflVESlIGÂ1ED

cHECX TXAl lHE teXt STAf¡08 0r{ fHS RECORD ¡S NeËOÊ0
IF XO'1 THgI ¡EAD UXl¡L THAl PO¡}If IS REACHEO

9O lFlSTA.tE-STAiAM(¡JK+rì) 6Dl0 20
tF(DUl*¡tY.'lE.O) GOÍO 3EO
tFfFY(tF).Gr.o) co10 2ro
FYls)!o.o
FYfÊlto.o
coÎ0 ?20

99
too
tot
lo2
I O3
I O4

c
C ASSUHE LASl YEAR HA5 RÊCESSIIIG FAII FLOWS
c

ros 2ro Fyfs)t€xpf{aLoc{Fyl4)l+aroc(.ooosl)¡.s)
ro6 FY(6!!EXP((ALoC{FYfs)}+aroGl.ooos))..5}
lo7 22o SURFALTô
IOO D0 zfo Kr 1,6
loã 6u¡lPÂLrsur4FÂt+FYlK,
tto a30 Eo¡1rl¡ug
I t I ÂHPRgv!øUM8PGT3UHPAL
t I 2 åA!4. åAM+ I

1r3 ÂRY(ts4r4¡!ARPREV/r2.o
1t4 GO10 rAO

c
c

c
c

EHD OF AøIIUÂL SECl¡OH

¡s

123



I r8
118
I It

r l8
t 19

120
t2l
t22
123
124

12ô
126
127
r2a
120
130

tsr
r 32
r33
t34
t 35
136

c
c

240

c
c
250
4 00

Tabl-e A- 1 (cont 'd )

tFlrYPE.cl.2) 60f0 2âo
X¡O
¡Jr I

PSAr FLOW AECItOS

REA0I B. ¡OOl S1A, DMAXI,DT{aI2
FoRr,lAf f 2x , A?, T 1t, Cr,160, cE,
PÂIXf . STA,OHAXI,OHÂX2
tFlsra. tJE.slÂf,ÀH( t JX) tGO 10 28ô
xr(+2
D(KI.DHAXl
JrX+l
DIJ)!oHAxz

c PnIXT, 0{r),0(Jl
G010 2ßo

280 xKrK
DUHt¡DrÂXl
OUH2 ¡ OMÂX2
xro
00 2?o I ¡2, KK

C ¡oÎe: tP ÞÂtlY HAI r o FOR
c FOR 11.. _ WOULD HAVa

rFlD(r).LE.olc0 10 2?o
XIK'I
ARYIK)tDtt)

210 CO'lt t xuE
8AH¡ X
co10 3Bó

c

c

c

2ao

290
soo

t 3?
rf,a
r¡9
140
t4î
t{2
I ó3
144
r45
r46
t¡?
14t
ta9
I SO
t6l
rB2
t8l
t5a
I Bg
rB6
l8?
l8a
r89
| 80

t6l
162

r 93
I E4
I E5
l8G
l6t

t 6a

| 66

t 7ô
Itr
172
r?3
t 7a
I ?5

lr8
111

11A
I ?9
t 00
r0t
r82
t83

E?IO OF PEAX SECT¡Oi

MOtIHLY FL0W SECItOì

KßO
IJx't
REAo(s,Boo) sla,yR.HLF, lpil(J),J,t, E,
FORHAÎ( tX,Â?. ¡3. lx, ll,6( tx,G5l )tFIYR.L?.O) GOfO 390
¡F(STA.ÈE.SfÀTr) 6OtO 33O
lFlYR.Lt.YER(tJX)) COfO 2gO
IF(llLF.cr_6.ÀxD.t{o}J1H.cr.8) 60lo 320lPlHLF. LT. 8.Àt{D.MOXIH.!8.61 6ot0 3r I
GOl0 290
KtK+'
F(x)!PH{Ho¡1H)
û0r0 2go
K:X+l
r,lot.0'Ho|t1H.6
F(K).Pr'l(HOilot
GO10 2eo
tF(sla-rg.slaitÁtüf tJr.t l, Êo1o 260
¡Ailr O
D0 t40 t¡t,K

rFlPlt¡.Lf.o! colo 340
lAH. tÂilr I
aRYldÂàllrPl¡l

corl I IUe

ÈNO 0F HOXrX SeCltOr

AtAREAf IJK)
AA¡ÊFAREA( IJK)
ÞRlì1, tAx, {ARYf ¡ ), ¡¡ l,ÈÂHl

3to

3t !

320

ÏHE YEAR fHIS WILL IIOI ÄCgOUBl
l0 cHEcx IrPUt OAlÂ FOR lHtS

3¡O
3l r

140
c
c

3EO

c
c
c
c

catL lxE suBROUtrrES THAf 0UtÞUf lHE S1ÀttSlICS
caLt HEAra I aRy, ÈÀti, xE, a, ÂÊ, 3lÀÎil, y€R f r JX ) )carl s¡HP lÀRY, XÂt{. X8,A,AE)
CALI KURf IARY, ÈÂM. IB,Â,AE}
CAIL RAXGEI ARY, XÂ¡I, XB,A,ÂE ¡
CALL HEDIARY,ilAH,IB.A,ÁE)

C MElHOO IO STOP PROGRAH
lF(too2.c1.o) Go10 999

C 8RAflCH FOR REIHII¡ALI2AItOÈ OF PEAK
c

rFf tYPE.6E.2) Cor0 3?O
C REITTlIAL¡¡Ê VÂRIABIES AXD IXCREHEflI

HAXTO
Ksro
IJl('¡Jx.1
SlAlÈ!5lA
FY(r)!-4Oo
JJ'O

c wRtlE(6,30?l
c3o7 FOR¡tAt ( 4X, 'XEW SlAl tDX. )
C PR¡tIÎ , DUH¡IY,OU2

oU2ro
00 !8o xtl.6

E PRtltl. PMIX)
¡FtÞm(Kl.6E.O! cOlO 3eO
DU2r t

3 BO C0Bl t HUE
¡F(aH.r1.2o.aRo.Du2.Ee.ol coro tôo
OUHHY !O
60lo ao

AflD MOXlflLY FLOWS

sTÂ1t0r c0ual8Rs

124



t 64
rEg
tâ6
tô?
t8E
rE8
t 90
t0t

C

E PEAr PL9W Rg¡ål1tÀttUAllO¡
c:
3?o ¡flrYPe.0r.2l 0010 :aó

31Al¡r6lA
tJX¡¡Jiot
x¡2
0(2).ouHt
Þ(31!DuM2
¡rls1a.Ec.310PER) SfOP
c0r0 230

Table A-1

C t'lollTHLY Fl0W REIHTIIALIZAIIOH
E

I 82 3AO flAl{¡O
t0¡ Xro
toa IJxrlJK+t
196 S1Â1xtS1A
r80 Goïo zto

C HEÎËOO 10 81OP FROGRAH
l8t lAO l00l' IOO
r88 ¡FlIYPE.8a-ll G010 !3f

( cont 'd )

t 99
200
20t

6 010
989 S10P

E 
't0

c
c
c

20?
203
204
205
208
207
20a
209
2rô
2l I
212
2r3
214
2tg
2ta
217
2ta
2re
220
221

22t
224

228

F ¡ IID ¡ ìG ¡HE HEATi . - SUBPRO6RAH

suBRoul¡trE r,lEÂx{ x, ti, xB, a,aE. sÎa, yeR)
otHets¡olt x(2oo l, 0x ( 2oo)
REÂL'E SlA
I IlEGER YER
trUt'l¡O
D0 to I¡t,x

rFlxf¡l.L1.o) GOrO to
NUHt rUt'l+ t
DIItrUH!!xltì
c0Nltltug
D0 20 ¡rt,IUH

x ( ¡ l.Dx ( I l
c0tlTlruE

t{ t tlUH
sUM.o

D0 lo l¡1,ß
SUxtSUH+X ( t ,

RAT. 8lA
xl¡SUl4./¡
XBÂ¡ TBlA
XBAETXB/AE
wR¡tc(8,tool 31Á,a,aE

lo

20

30

22A 200
221
22A BOO
220
23O 6 OO
2t I
2A2 too

too
s6x, ? 1o.2, / / l, 120,' eFFECltVS oRAtrÂcE ARe^,,t 10. 2, / / IwÂtT8t6.200! RAT

FORHAT f ' 1 

" 
/ / / / /, 120,'SrÂlrOr,, 6x,a8, / / /,120,,ÞRÂtßaGE AREA'

233
234
235
238

231
23A
238
240
241
242
243
241
248
24A
247
zag
2€ ô
2AO
2Er
2ø2
2E¡
zg4
256
268
281
2a a

299
280

28 t

FORHAl
wÂ¡1c{6.
FORHÂT ( 

'wRrtEl6.
F0Èxa1{/
wR¡lEfr_
FORXA

I 'HEÂ'I

X,'RAfIO OF EFF TO GROSS AREA t3
oo) (xtJ),J¡t,x)
¡r,F12.a) )
ooì r_YER

c
c
c

WRIlI
FORHÂ
RElU
E lro

S IÈTFL8 SlAIS SUBPROGRAH

,¡3,', YeARS OP DAlÀ StÍCE

SUBROUTIXE SIHP(X, T. X8,Â,AE }DI|,tERs¡or xl2oo)
sUtt2to
suH3.o

D0 to ¡rl,¡
otFFtrfI)-Xa
SUr!t2:SUH2+O¡FF¡.2

SUH:¡SUil3+DtFFrr3
s!30RrfsuH2/(¡-1 Ì )
Al.$¡5UË¡,/f ß- | ¡/ I È.2 I
cr.aL/ls.cal
ct,a /tB
sÂ!8/â
sÂer8/ÂE
ÂLÂtÂL/A
ÀLAg rAl/AG
c9À.cA/À
caac tÊ8./at
cvarcr,/Â
CYAE ¡ CYlAE
wR¡1El5.rOO)
FOe.âAtl / // ,Sr, 'S10. OEV. . , r gx, 'CY

t,srEw,,tox,,coEFF_ oF sxÊw,,/)

XB, XBA, XAAE
4,EX, Fto. 7, gx,? 10.7, / I

lo

t 
" 

¡3)

. r ox,

Fto.s.//l

to0

wR¡lel5,2oo) 5, cY,at, c3
FORXAI I SX, F rO, Ê, t0I, F I O _ g, tOt, F 10.8,

rFro.z/¡
wRrrElc.soo)

L25



zG3 too
23t
2øa
268 400
20ô
2ø1
2CG

c
c

Tabl-e A- 1 ( cont 'd )

FOtXAll r?r,,D¡vtD8D gy o¡a¡tiaEg 
^RE^"/ls¡¡13( G, 2OO' 3A. CVA,AtÂ, CgA

rRttglG.¿ooÌ
tO¡r¡rAfl18I.'O¡YlDÊD eY ePFgClrYE DRÂtÈAEg An8À,,/t
wRl 1l I 8,200 Ì 3Âe, cval. ÂLÂ8. cSaE
RElURfl
EXD

289
210
21 I

?.1t
27a
zis
276
271 rO
21À
214
2ôO
2¿ 1

282 I OO
283
244 ?OO
2aË
246

c
c

C I(UR'OS ¡S SUBPROGRÂ¡i
c

suSRoul t trE xuRt f r, ¡t, x8 , a, aE )
0txeis¡ot rf200)
REÂL XUR
suH2 ! o
suil4 r o
D0 lo l¡r,l

Dl?Frx( t ) -x8
sux2r3ul42+0lFF¡¡2

SU¡t4¡SUHo+DIFF¡¡a
KUR¡ SUtaa/X,/ ( SUH2/x I r. 2
KUR ' KUR r X ¡ r 3 / I X - ! ) ,/ I X - 2 ) ,/ f.l¿ . I I
CE¡XUR-3
wRtlElG.rOO)
FORMAIl,/, EX,', r(URlOS tS 

" 
tox.,CoEFF

wRtrEl6,2OOì KUR,CE
FoRt{At(3X, FlO. 6, 10X,F to. a. / I
nÊ1uRff
e xD

247
2aa
264
290
2St
292
293
29/¡
286 20
296
207 rO
20¿
291
!oo
30t
302

30t
304 I OO
305
30G
307
lo8 30
!o9 200
3 to
3 r 1 40

313 50
3t¡ 3oo

3r5
316 {oo

3r?
!ra

C RÀXGER SUBÞROGRA}I
c
c

SUBROUI¡'IE RAIIGE I X, ì, X8,A,AE }
olHetas¡otl x(2o01
R.EAL tiÀX , Ht X. r.tXHt . ¡txXB
r,rar¡x(tl
MtN!x(tÌ
D0 ro ¡r2,1¿

¡F(XlrÌ.L1.HAxlG0 10 20
r'rax ' x { ¡ IlFfx(rl.Gl.Hrr)60 r0 ro
H¡fl'xft¡
colttttuE

NA¡GITå¡.H¡ ì
tÁrGAr tAlG/A
TA¡ÊÀI t ¡AT€ /AE
lFt¡'lt¡.¡E.o.a¡0. xB. Þ8. o)6010 ¿o
lt¡I'B.EO.OlÉO10 ¡C

wRtlEl3. tOo¡
FORHAÌI tBr. ,¡itr¡. ts EquÂL 10 ¡ERO .)
l¡UHl .O
H¡IAtilAX/ XB
GOÌ0 Ëo
wRI1El8,200l
FORHAIf I6X, '1HE HEAT ¡S EOUA! IO ZERO'I
G0T0 50
HXti¡ tHÂX,/Ht¡
Mxxs!l'lÂx/XB
wRrlg(8,300)
FORHÂI(/, SX,'RAÈGE 

" 
IOX. 'RA¡¡GÂ" 

'OX,'RÂII6ÁE"t tox,'t{ax By Htil,, !ox,.HAx 8y HEAX"/}
wR¡Te ( 6, 4ool RAic, RAHca, RAxcaE,uXur, xrre
FORHÀ1f 5I. Fa. 2, ax,F ro. 4, 8x, r ro. ¡, sx, F t6. 5, tox,

I Fg .4, rox/ / I
RElU¡l¡
ETD

oF Excess' , / I

lf0
t2o
32 |

SUBROUTIXE SPRI}¡GYIELD TOô L¡XEAR DAIA FrL! tX

suBRoul¡t¡E sp6yLDlFy, LF, 3n,SF, XRy, yRy )Dl¡tExstort FyI to),8H( lo), xRy I lo), ynyLo,
¡'¡TEGER I.F. SF, SF2

c wR¡TEf6,30?)
C3O7 FORXAl(8X.'SPGYLD PROGRAII' )

DO tO l(r1,6
C PRI¡Î, K,8H(X},FY(K),LP,SF
r o cotlÎI tluE

tFlsF.tt.3.oR.LF.C1.4l colo t30
rF(FYt¡).cÎ .o) colo 40
IFfBX(3l.G1.Ol 60TO 40

DO 20 ¡¡¡,3
8xl r l ¡o

20 g0I1 ¡ xuE
oo 30 t!4,8

FYf¡lro
30 coxl ¡ xue

G010 ! to
4ô ¡FfFYl4l.6t.o) 6010 ao

BHlt)!O
DO 30 t!4.8

FYlrlro
50 coil7 t HUE

t22

323
32{
325
326
32?
328
329
330
3tr I
332
333
33¡
338
338
33?
338

L26



¡tt
lao
ta t
ta2
t4¡
¡aa
3aF
!rc
34?
346
3{t
l6o
36 t
362

38t
t5a
ltg
368
3Bt
386
3tt
360
36f
162
363
364
396
3G6
36t
38E
368
370
371
372
373
374
3r5
3?ô
371
3?E
t?9
3EO
38 t
¡E2
¡83
38r
3tB
3AE
3E?
3E8
3¡9
380
381
382
333
3Aa
396
ls3

38?
398

Êrf 2l.Errl tÂtoG(s¡llr¡ ).aLoGf .ooos, 1.. 0t
6010 r to

0o l7f8lt(ll.lO.o) O010 eo
tP(FYlar.E1.6ül!¡l G010 0o
oxl?) rexF( lalocf Ex(r, l.aLoE( .0006! lr. It
¡FlFVl4l.Ll.rMt2l) coro ?o
FY ( 6l !Exp f ( Aroc ( Fy l4 ) ) -aloc ( BXt 2 ) ) ) r . ?3+aLOG { Sr,t( 2l } t
FY ( I ! ! Exp f (aroc ( ry l4 | ) +aloc ( BH{ 2 ) } l. . s }
Brl | | r ExÞ | (Àtoc ( Fy { ¡ I ) -aloc ( BHt 2 ) I ) r . 2s+ÀLOc ( Bit( 2 } I }
G0f 0 r ro

?o 8H(1)rEx?llatoûf!r,t(2)l+a106(.ooo5))..31
Fy f 3 ) ' ExÞ ( I ÂrOC ( Fy ( a l ) -aloõ ( 8x( r ) ) ) r2. o,/3. o+aLoc f sH( I I ) t
Fy l 5) ¡Exp ( IÂL0C{ Fy ( 4 ¡ l -AL0c( 8xf I t I I /3..a!oc(8H( 1 )' )G010 f ro

E2a wR¡ 1G ( 8, ¡OS ! 8F,0Hl 87 l . LF. Fy l rr 
'c2o8 FoR¡ralltx, lü,p¡o.è, t8,Fto. El

80 axl2r.Erpf lÁr0c(8ñl!n+ar06f .0o06lt¡.81
Fy ( r I ¡8fp t lat0Ef Fv l. l l -aroG f 8t11 2 ¡ I l. . ?8+ArAÈ | BXl 2 ¡ ¡ I
PY I t¡ ¡ErPl lÂr0Cf ¡y ( a I l -Ä!gclSl1l2) l t'. go+ÂrOG(BH(at, I I
BH( | I 'sxp ( I a!oÊ[ Fy l. ¡ t -ar06 I D¡( 2 ] t l. . ¡s+¡roc{ sxi z i i I6010 r ro

ro Fv(g)¡ErÞ(lÂroaftvt¿lt.aLo8f .ooo8¡),.8+À!oGf .ooos¡¡Fyl sl.trpl latocl Fyl ¡t t ).atoG( .ooor I l¡. e.Âroct . oÞog t Isltl ! } rexp I I Ârot I Fy l. I ) -aLoG f . oooü ) t, . ¡.Â!06 I . ooog t }
BHl 2) ¡ExF ( tarocf ry { LF t } -Àt oc{ . oooB t ) ¡.2+aLocf . ooo8 t,llo D0 l20 1.1.6
xRyf ¡ ) rgxf ¡ )
YRYII).FYlt)

t20 corl¡IUE
GO10 190

r30 tFlLF.êQ.6.ÀrD.3F.gO.ll coto tlo
tFlLF.Gl.4Ì GOlo t60
tF{sF.L1.2l cO10 tEô
¡F(8r't{2).G1.Ol G010 l¡o
DM(!)to.o
¡FIFY(4).E0.O) COIO tEO
FY I 6 ) !Exp I lÁLocl Fy I 4, I -ÀLOC t . ooos l ).2. o/3.o'
Fy{ B}'expf {aLoGlFv (s} ) -Arocl .oooBt )/3.o)6010 r ro

l40 BH(llrO.o
¡F(FY(¡l.EQ.O) G0TO lrO
FY lS) ¡EXp( fat06lFy(4 ) ) -ÂroG{ .o006) }r2 .o/3.o1
FYI 6) rExÞf f Âr0clFy (s) | -aLoc( .ooosl )/3.o)6010 I to

lso ¡F(FY(41.80.o) CoTo t!o
Fy I 6 ) ¡ExÞ ( laroc(Fy {. ) ) -a!ocl .ooos ) lr2 . o/3. ol
Fyl 6).8xp( (aLocf Fy{3, ) -aLoc( .ooo5 } l/3.o}
G0f 0 r ro

r6o rFlLF.Cl_E) coto t?o
8l¡l(rlro.o
0ll(2)rO-o
IFfFY(El.Ee.o¡ colo tso
Fyl 8l ¡EXp( taLOc(Fy (31 l -ArOcl .ooo5l )¡. 5)
GÞr0 I to

r?o ÀHftl¡o.o
EMf2).o.o
Êo10 r to

I ôo FY { 5 ) ¡O. o
FY(3lro.o
c010 t to

c wRlfE{5,1Oo)!F,lFYlt}.t.1.6)
c wRIIE(6,lool sF,l8;r{I),¡¡t.s)
c wRrlE(6,200)
c roo F0RHAI (6X, ¡ 5, 'MofltH' , SX,8(Fro,3, sx ) ¡100 RElunx

EI¡D

Tabl-e A- 1 ( cont 'd )

c
c
c
c
c

3tl
400
tot

SUSROUf I IIE MED IAT¡ F T f,DS TEO ¡À}I

402
¡o3
404
408
406
ao?

¿oô
40t
4lo
¡¡t I
412
4r3
4t{
41S
4tô
411
4t8
419
420
421
422
423
421

425
426
427
428

suSRoulIrE MEO I ARY, ¡AH, X8, Â, AE I
olH€trstoll ÀRY(2oo,
REAI HEO¡,MEOXg,}IEOA,MEOAE
PR¡lll,t¡AH, IARYf I L ¡' I,}|AHl
LÂS1!flAH- I
o0 ro I I !, tÂsl

AMIttARY(tl
JH¡T¡¡
JFlRSt¡t+r

û0 eo J!JFtRSt,ÉAH
PRIf?, I. J.AI{I'I,ARYIJI
lFla$te.LE.ÂaY(J)l ËO1o 20
Ah¡n'ÂÈYfJ)
JHITIJ

c0ñf I ruE
ÂRYIJH¡ÄlrÂÂyftl
ÂRY( I l¡AxlI

COillIHUE
MtrPAil,/2+ìÂH,/2
tF(tvaL.Lr.{ÀMl GOlo 30
HeDI t (ARy( liAx,/ 2 t +^R1 IX^6/2+1 l r t,S
G010 40
t{EDl !ARY ( ÈÂX/2+ I )
HEDXE!I.IED¡/XE
HEDAtHEDI/A
MEÞÂE!¡IEDI/ÂE
wR¡lE16, roo¡
F0RHÀl(/.sx,,HED¡AH" t4X,'HeO Ey lnEAx,,sx,,HED Et ÂREA'

59 I , 'XEO BY EFF AREA 
" 

/ )
wRl lE I 3, 2Oo I XED t, r,t8OI8, tsEDÂ. ?rEOÂE
F0RrÂ1 | 5I. F tO.8,3 ( I OX, F rO.5 ) )
RElUR&
EÈO

to

30
40

too

127



S
T

A
T

O
N

N
U

M
B

E
R

T
ab

l_
e 

A
-2

sa
m

pl
e 

st
at

is
tic

s 
fo

r 
pe

m
bi

na
 R

iv
er

 B
as

in
 A

nn
ua

l_
 M

ea
n 

F
lo

w
s

05
0c

00
4

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

IO
N

 N
A

M
E

05
08

00
7

05
08

00
8

P
om

bl
no

 R
lv

or
na

or
 N

ec
ho

05
08

00
1

P
em

bl
no

 R
lv

or
n€

or
 W

nd
yo

ot
ôE

05
08

01
 I

P
om

bl
no

 R
lv

or
no

or
 K

ol
oi

do

I ts N
)

æ I

05
08

02
3

P
om

bl
no

 R
lv

or
no

or
 L

o 
R

lv
ls

re

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

o5
0A

oo
7

P
ôm

bl
no

 R
lv

er
n6

or
 S

w
on

 L
ok

o

o5
0B

o1
 6

P
em

bl
no

 R
lv

or
bo

lo
w

 C
r¡

at
ol

 C
re

ok

05
0A

00
6

B
od

ga
r 

C
ro

ok
n6

or
 C

or
tw

rlq
ht

21

05
0A

o1
 0

S
no

w
flo

ke
 C

ro
ok

n6
or

 S
no

w
flo

kc

P
E

R
IO

D
 O

F
R

E
C

O
R

D

19

05
0A

01
 2

Lo
ng

 R
lv

or
no

or
 H

ol
m

fle
ld

10

05
08

01
 0

1 
90

3-
1 

98
0

P
am

bl
no

 R
lv

sr
ob

ov
o 

Lo
rn

€ 
Lo

k6

15

05
0A

o0
8

1 
96

2-
1 

98
0

P
€m

bl
no

 R
lv

6r
ob

ov
o 

D
lv

or
gl

on

11

05
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

C
¡p

re
es

 C
ra

ok
ns

or
 C

lô
or

w
ot

or

18

05
0A

01
 3

G
R

O
S

S
(k

-t
)

I 
96

3-
1 

97
7

P
ôm

bl
no

 R
lv

or
ne

or
 K

lll
or

nc
v

21

05
0B

oJ
1

r 
s6

2-
1 

s7
2(

s)

M
ow

br
oy

 C
re

ek
no

or
 M

ow
br

oy

84
74

20

05
08

00
6

E
F

F
E

C
T

IV
E

(k
-1

1 
s6

2-
1 

s8
0(

s)

Lo
ng

 R
¡v

€r
ns

or
 K

lll
or

ne
v

75
03

?1

05
08

02
5

1 
95

9-
1 

98
0

C
¡p

ro
ss

 
C

re
ok

no
or

 S
od

se

71
32

19

53
82

os
oB

01
 3

1 
96

1 
-1

 9
80

C
r)

Æ
to

l 
C

rô
ok

no
or

 C
rw

to
l 

C
lty

53
20

14

44
77

(m
'/¿

)

0s
oA

o0
5

m
eo

n
gr

os
s 

do

(m
'/¿

¡l¡
.n

r)

1 
gs

s-
 1 

98
0(

s)

P
llo

t 
C

re
ek

no
or

 P
llo

t 
M

ou
nd

49
83

21

7.
84

5

41
 8

8

r 
s6

2-
1 

s8
0(

s)

M
or

y 
Jo

no
 C

ro
ok

ot
 L

o 
R

lv
lo

ro

44
47

8.
50

8

33
67

1 
s6

3-
1 

s7
6(

s)

l-l
ld

do
n 

ls
lo

nd
 C

ou
lo

o
ne

or
 H

on
sb

or
o

15
13

0.
00

09

m
oo

n
ot

f. 
do

(n
'/c

tÈ
¡)

19

+
7a

2

31
27

1 
ss

s-
1 

s8
0(

s)

o.
00

09

10

98
0

27
29

5.
5,

+
3

1 
s5

s-
1 

s8
0(

s)

0.
00

07

19

57
6

.+
.,+

52

0.
00

15
.

73
5

1 
96

2-
1 

98
0(

S
)

M
d

(m
'/o

)

0.
00

1 
0

20

54
2

4.
14

2

0.
00

15

24
5

1 
96

7-
1 

97
6(

S
)

S

(m
'/¿

)

0.
00

09

48
5

18

L

0.
00

11

ø
.o

2

50
5

2J
O

1 
96

1 
-1

 9
80

0.
00

09

18

38
8

o.
47

9

C
v

0.
00

16

1.
ß

1 
s5

9-
1 

s8
0(

s)

36
0

8.
Jl

0

0.

19

35
4

o.
60

r

00
08

0.
0o

'l 
/+

5.
80

32
8

1 
s6

3-
1 

98
0(

s)

C
s

5.
62

0

0.
80

0

0.
00

05

26
2

o.
82

1

0.
00

15

5.
75

2A
2

1 
s6

o-
1 

e8
0(

s)

,1
.O

,+
5

C
o

0.
08

,r

0.
00

1 
0

20
9

1.
o5

5

o.
87

1

o.
00

1 
6

2.
41

1 
96

2-
1 

98
0

28
1

1.
74

4

R

(m
'/.

1

0.
00

1 
1

0.
8,

+
5

14
9

0.
37

J

t.0
3s

1.
17

C

o.
00

20

2-
ø

A

16
8

J.
52

1

o.
00

15

0.
a5

0

15
4

M
ox

(m
'/¿

)

t.

0.
51

5

o.
00

12

1.
J7

6

0.
57

A

79
J

18
0

2J
.7

ø

¡.
67

8

0.
00

1 
0

0.
79

t

14
7

r.
00

6

o.
27

0

0.
00

17

M
ox

M
in

5.
06

J

0.
24

8

1J
3

20
.5

7

t.5
{}

0

o.
00

15

24
.5

0.
67

C

13
6

1.
2A

7

o.
,t7

5

88
.O

o.

0.
01

8

t.

M
ox i

1J
.4

3

o.
5€

3

8,
+

r

00
20

20
.4

0.
00

1 
o

68
.1

r.
06

5

0.
16

t

5J
.O

0.
02

5

0.
00

1J

o.
&

7

2.
80

1

10
J

0.
43

9

I 
8.

J,
r

M
ed x

0.
oo

23

1.
17

4

1,
t.5

0.
13

2

90
.0

1.
22

1

3.
't0

7

0.
00

1 
I

0.
,+

09

0.
s7

0

11
2

0.
,ß

5

10
.7

0

o.
00

12

o.
7ú

16
.5

1,
27

9

0.
t5

0

rJ
.6

60
.9

o.
00

16

J.
t0

7

o.
vE

1

l.

0.
76

J

0.
,€

2

26
1

l2
-a

7

0.
00

09

o.
71

3

12
.5

o.
74

4

't0
6

o.
2i

5

o.
00

26

3.
O

J2

0.
.1

¡,
7

't.
83

8

o.
6a

ô

1-
25

o.
31

5

o.
00

t 
0

0.
71

8

12
9

0.
98

E

0.
11

0

7.
49

0.
17

8

0.
45

0

0.
00

14

L9
77

0.
75

J

o.
,to

J

l.

0.
o0

t 
6

0.
E

,+
.t

4.
2N

a¡
t

0.
65

9

57
C

o.
00

15

27
53

o.
44

7

o.
77

2

1.
S

,t

o.
25

3

o.
07

7

0.
00

1 
6

0.
7e

I

r.
64

0

0.
8a

o

17
1

0.
00

1 
5

5.
O

A
5

o.
oJ

o

0.
rJ

a

o.
6J

2

o.
27

1

1.
8J

0.
9,

ro

t.8
00

0.
8e

9

't 
55

0.
00

1 
I

5.
.f8

0

O
.tt

,t

0.
8,

€

0.
64

t

0.
1,

+
6

f.

o.
ã7

ô

12

r.
7J

O

1.
o1

2

Jt
.t

o.
00

18

3.
64

t

0.
08

4

0.
68

0

0.
,le

7

0.
10

a

1.
O

A

0.
8t

0

t.5
a0

0.
ø

f

't&
7

28
10

0.
r6

2

1.
,+

O
O

0.
10

5

o-
35

a

1,
4

o.
at

7

1.
09

0

r.
oa

7

e.
g6

0.
,t5

2

z7
aø

o.
0g

:r

1.
o2

7

0.
17

0

o.
89

1

1.
00

9

t.

o-
a:

n

t0
0

.a
eo

1.
11

ô

2J
53

o.
77

J

0.
10

4

0.
95

2

o.
79

7

o.
90

4

JO
.0

1 
-,

45
4

2.
52

1

r.
.t 

a8

O
.,a

0A

o.
71

1

0.
85

1

o.
8s

0

o.
77

1

59
.2

zS
aa

2.
6A

5

o.
70

7

0.
,f1

 t

0.
10

2

7.
2J

1.
18

,+

3.
35

9

o-
17

ø

0.
58

,+

o.
8,

16

o.
11

2

8i
l7

2.
22

0

r.
40

2

o.
53

0

0.
a5

9

o.
5a

5

56
{t

L7
7E

o.
59

2

0.
06

:t

0.
55

0

50
J

5.
1J

|

o.
76

1

o.
5s

2

,1
9.

1

J.
75

7

0.
66

A

z5
aJ

0.
57

t

J.
57

0

o.
8l

u

o.
71

7



S
T

A
T

IO
N

N
U

M
B

E
R

T
ab

le
 A

-3

S
am

pJ
-e

 S
ta

tis
tic

s 
fo

r 
pe

m
bj

_n
a 

R
iv

er
 B

as
in

05
0c

o0
4

H
Y

D
R

O
M

E
T

R
IC

S
T

A
ÎO

N
 N

A
M

E

o5
08

00
7

0s
oB

00
8

P
om

bl
no

 R
lv

or
no

or
 N

oc
ho

05
08

00
1

P
em

bl
no

 R
lv

er
n6

or
 W

nd
\E

ot
es

I F N \o I

05
08

01
 I

P
om

bl
no

 R
lv

or
nc

or
 K

ol
el

do

05
08

02
5

P
am

bf
no

 R
lv

er
nô

or
 L

o 
R

¡v
la

rô

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

05
04

00
7

P
cm

bl
no

 R
lv

or
n6

or
 S

w
on

 L
ok

6

05
08

o1
6

P
om

bl
no

 R
lv

or
bo

lo
w

 C
r¡

æ
to

l C
ro

ak

os
oA

00
6

B
od

ge
r 

C
ro

ck
no

or
 C

or
tw

rlo
ht

20

o5
0A

01
 0

P
E

R
IO

D
 O

F
R

E
C

O
R

D

S
no

w
flo

kc
 C

ro
ok

ns
or

 S
no

w
flo

ko

a1

05
0A

01
 2

Lo
ng

 R
lw

r
ns

or
 H

ol
m

f¡
ol

d

10

05
08

01
 0

1 
90

3-
1 

98
0

P
em

bl
no

 R
lv

er
ob

ov
o 

Lo
rn

o 
Lo

k6

t3

05
0A

o0
8

1 
96

2-
1 

98
0

P
om

bl
no

 R
lv

or
ob

ov
o 

D
lv

oß
lo

n

I

05
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

C
¡p

re
as

 C
ro

ok
no

or
 C

lo
or

w
ot

or

17

cR
os

s
(k

m
)

05
0A

01
3

1 
96

3-
1 

97
7

P
om

bl
no

 R
lv

or
no

or
 K

lll
om

oy

21

05
08

0J
1

1 
s6

2-
1 

s7
2(

s)

84
74

M
ow

br
oy

 C
ro

ek
ne

or
 M

ow
br

ov

19

E
F

F
E

C
T

V
E

(k
m

)

05
08

00
6

1 
96

2-
1 

98
0(

S
)

75
03

Lo
ng

 R
lv

€r
ne

or
 K

lll
om

ey

21

05
08

02
5

1 
95

9-
1 

98
0

71
32

C
lp

re
ss

 C
ro

ok
no

or
 S

or
lê

s

17

53
82

o5
0B

01
 3

D
ai

ly
 

M
ea

n 
P

ea
k 

F
lo

w
s

19
61

-1
98

0

C
r¡

æ
to

l 
C

re
ek

ns
or

 C
rw

to
l 

C
lty

53
20

13

(m
'/¿

)

44
77

m
oo

n
gr

or
r 

do

(n
'/o

¡'t
m

)

o5
0A

00
5

f 
9s

s-
1 

sE
0(

s)

P
llo

t 
C

ro
6k

no
or

 P
llo

t 
M

ou
nd

49
83

,1

89
.5

1

41
88

1 
s6

2-
1 

e8
0(

s)

44
87

M
or

y 
Jo

no
 C

rô
6k

of
 L

o 
R

lv
le

ra

21

33
67

74
.9

8

1 
s6

3-
1 

s7
6(

s)

m
ão

n
of

f. 
do

(m
'/¿

fu
¡1

-

0.
01

 0
6

H
ld

dc
n 

ls
lo

nd
 C

ou
le

e
na

or
 H

on
eb

or
o

15
13

17

55
.2

,t

31
27

1 
s5

9-
1 

s8
o(

S
)

0.
01

 0
0

98
0

27
29

I

ø
3.

72

1 
s5

s-
1 

e8
0(

s)

0.
o0

78

57
6

18

ß
.7

4

0.
01

66

73
5

M
d

(m
'/ø

\

r 
s6

2-
1 

e8
0(

s)

o.
o1

24

54
2

19

44
.2

7

o.
01

67

1 
s6

7-
1 

s7
6(

S
)

24
5

S

(^
'/c

)

0.
o0

94

48
5

17

11
,1

0

88
.0

0.
0'

13
2

s0
5

I 
96

1 
-1

 9
80

o.
01

43

38
8

19

7.
65

2

C
v

45
.6

0.
01

95

J6
0

1 
95

s-
1 

s8
o(

S
)

77
.

0.
02

95

35
4

t8

la

'1
1.

66

3,
t.8

0.
01

 5
0

32
8

C
g

87
.5

8

1 
96

3-
1 

e8
0(

S
)

0.
9ô

5

o.
oo

76

26
2

f6
.8

8

0.
o2

J6

24
2

2r
.J

1 
s6

0-
1 

s8
0(

s)

77
.2

J

C
o

't.

0.
02

05

20
9

o.
92

6

t8
8

t7
.3

9

0.
06

04

16
.5

1 
96

2-
1 

98
0

96
.0

J

28
1

R

(m
'/o

)

o.
o3

12

f.J
08

1.

14
9

t&
71

77
9

l.t
 5

a

0.
03

1 
2

20
.7

16
8

8t
.5

4

0.
oJ

81

t.5
01

M
ox

(m
'/ø

)

o.
95

8

15
4

t0
.0

5

o.
02

31

3.
87

5

17
.O

18
0

27
5.

9

93
.7

3

1-
95

7

0.
04

82

2-
O

11

7.
J2

A

14
7

w

o.
04

69

1.
ß

7

0.
5t

13
3

58
.9

A

3f
,t.

1

0.
04

53

24
2

t.,
l{'

e

z9
't5

13
6

7.
17

1

88
.0

0.
o5

30

7,
7ø

,+
.5

34

M
ox ;

25
7.

8

4.
52

5

31
7

0.
02

81

t.3
28

68
.1

a{
t.5

¿
11

8

1J
.A

7

0.
06

65

lZ
O

O

7,

20
8.

5

10
J

10
.7

1

J3

M
sd i

26
€

o.
03

58

t.1
 t,

l

lo
a

t.8
0.

r

7.
55

8

0.
o5

71

J.
15

{)

7.
95

.r
.8

56

15
.0

5

2ô
J.

5

11
2

30
J

o.
eí

9

0.
09

17

Jr
.5

t.5
26

+
41

2

+
22

A

11
.1

0.
04

J6

60
.9

J.
20

1

O
.9

A
.a

31
6.

S

1e
 .2

9

0.
9,

ts

28
tt

0.
0/

+
91

8¿
l.t

r.
,fJ

o

ô.
00

1

0.
04

15

4.
46

2

3.
29

5

1o
-7

n.
21

2æ
.2

0.
00

8

l.

Jt
7

o.
03

16

t0
9

5t
.

L0
4ã

7.
O

22

{.
01

1

8.
8,

a

23
00

0.
10

28

I

0.
6¡

o

31
.7

2

17
.3

2

t.f
Ja

20
7

0.
06

54

1.
25

4

26
00

6.
t7

A

o.
â0

9

5.
01

0.
08

59

o.
J2

+

39
.5

2

8.
01

J

1.
07

0

!2
-O

0.
10

JJ

2ø
7

1.
71

8

1.
9s

2

l-9
2

7,
41

o.
o4

51

0.
33

J

6.
50

7

,t9
.t8

ao
,5

0.
8ã

1.

il4

0.
07

95
'

97
0

4.
O

A
2

28
08

1.
70

65
.7

4

o.
s2

2

t2
-s

2

32
.1

0.
87

9

0.
,m

5

,1
1.

.+

5.
r5

0

o.
11

 5
1

41
42

1.
72

O
.J

ô:
'

72
51

7.
O

11

5&
J

0.
9,

15

21
.A

t.5
00

0.
oo

4

5.
,t6

6

5.
27

70
.7

4

o8
:r

2

a-
u

72
5

o.
92

8

¿
LA

1.
12

5

5.
08

6

2.
96

.+

1.
O

1

't&
5,

t

0.
66

.r

9.
J,

N

7'
1.

1

t.J
aa

lt'
o

o.
95

7

J.
35

¡t

't.
06

2

0.
,N

ß

'l8
.1

0

8-
20

ø

't 
8.

8

t.0
50

t1
3

1.
95

3

5.
87

6

0.
J5

7

o.
a{

'8

,N
l5

2

20
.2

t.1
69

7t
.J

1.
35

A

1.
11

8

4.
2J

0

0.
00

t

2r
.9

9

11
-2

.

tû
o

1.
8t

0

z5
5A

1.

0.
60

7

22
6A

93
2

2:
LO

85
.0

2-
70

3

2.
00

3

1.
17

9

31
.9

5

22
7

15
ñ

3.
23

1

0.
ô7

0

2Â
JO

J¿
O

9.
t6

¿
el

1

0.
55

9

2A
.J

02
7

,t.
89

0

o.
8a

2

0,
N

tJ

15
93

o.
J7

t

4.
03

0

o.
59

2

0.
57

5



S
T

A
T

IO
N

N
U

M
B

E
R

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
pe

m
bi

na

05
0c

oo
4

05
08

00
7

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

O
N

 N
A

M
E

05
08

00
8

P
em

bl
no

 R
lv

ar
no

or
 N

ec
hs

05
08

00
1

P
om

bl
no

 R
lv

s
no

or
 W

nd
vo

ot
os

I H (, o I

05
08

02
5

P
om

bl
no

 R
lv

or
no

or
 K

ol
ol

do

05
0A

oo
7

P
em

bf
no

 R
lv

or
n6

or
 L

o 
R

lv
le

r€

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

P
em

bl
no

 R
lv

or
bo

lo
w

 C
rlæ

to
l 

C
ro

ok
B

od
gc

r 
C

ra
ok

no
or

 C
or

tw
rld

hl

21

P
E

R
IO

D
 O

F
R

E
C

O
R

D

18 10

T
ab

l-e
 A

-4

R
iv

er
 B

as
in

I 
90

3-
f 

98
0

14

S
T

A
ÏO

N
N

U
M

B
E

R

T
ab

le
 A

-5

S
am

pJ
-e

 S
ta

tis
tic

s 
fo

r 
pe

m
bi

na
 R

iv
er

 B
as

i_
n

1 
96

2-
1 

98
0

17

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

05
0c

00
4

9

G
R

O
S

S
(k

m
')

1 
96

3-
1 

97
7

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

O
N

 N
A

M
E

0s
oB

00
7

1 
s6

2-
1 

s8
0(

S
)

44
74

05
08

00
8

E
F

F
E

C
T

I\E
(k

-1

1 
95

9-
1 

98
0

P
om

bl
no

 R
lv

or
ne

or
 N

ec
ho

75
03

05
08

00
1

P
om

bl
no

 R
lv

er
no

or
 lï

ln
dr

;o
ot

oe

71
32

Ja
nu

ar
y 

M
on

th
ly

 M
ea

n 
F

Ìo
w

s

53
82

05
08

02
3

P
em

bl
no

 R
lv

or
na

or
 K

ol
el

do

53
20

(n
'/o

)

44
77

0s
oA

00
7

m
gd

n
gr

oa
e 

do

(¡
'/a

l\m
1

P
om

bl
no

 R
lw

no
qr

 L
o 

R
lv

lo
ro

44
87

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 I

N
S

A
M

P
LE

0.
3,

l,l

41
 8

8

P
om

bl
no

 R
lv

6r
bo

lo
w

 C
rw

to
l 

C
re

ok

15
13

0-
10

,+

33
67

B
od

go
r 

C
ro

ok
ne

or
 C

or
tw

rlq
ht

m
co

n
of

f. 
do

(n
'/ø

¡È
n)

0.
00

00
4

0.
26

0

27
29

21

o.
00

00
3

o.
r3

,l

73
5

P
E

R
IO

D
 O

F
R

E
C

O
R

D

o.
00

00
4

18

o.
1a

7

0.
00

00
ô

M
d

(m
'/o

)

10

o.
00

00
3

o.
O

O
,t

0.
oo

oo
4

1 
90

3-
1 

98
0

S

(m
'/ø

l

0.
oo

oo
4

14

0.
o0

00
6

1 
96

2-
1 

98
0

o,
22

e

0.
o

17

0.
00

00
4

C
v

D
R

A
IN

A
G

E
 A

R
E

A

o.
15

9

I 
95

7-
1 

96
9

o.
40

2

G
R

O
S

S
(k

m
')

I

0.
00

00
7

0.
10

4

1 
96

3-
1 

97
7

C
s

o.
r8

5

t,
t6

a

0.

o.
o7

g

1 
e6

2-
1 

98
0(

s)

84
74

o.
47

5

0

C
a

0.
95

,t

?-
92

0

E
F

F
E

C
T

\€
(k

m
)

o.
o2

4

1 
95

9-
1 

98
0

75
03

o.
1 

50

R

(n
'/t

)

1.
7ø

1

0,
6t

7

0.
(X

1.
{

11
.4

7

F
eb

ru
ar

y 
M

on
th

ly
 M

ea
n 

F
lo

w
s

O
,J

A
J

71
32

r.
r 

57

55
82

M
ox

(m
'/¿

)

2-
61

5

0.
05

0

53
20

o.
o(

[t

1.
86

z0
56

44
77

(m
'/¡

)

1.
25

1

m
60

n
gr

oa
a 

do

(¡
rf

/¿
lln

t)

M
ox

M
In

ro
.o

o

0.
5,

a:
,

44
A

7

0.
82

9

1-
47

o,
2.

û

3.
5t

O

41
 8

8

zT
ga

M
ox i

t.5
5

15
13

o.
54

5

o.
t8

a

33
67

0.
1.

+
r

tô
7

13
.5

ô

o.
52

1

o.
00

00
3

m
oo

n

M
od i

t.5
ã

27
29

0,
t8

5

O
.ô

5,
t

5,
4J

O

1.
57

0.
00

00
J

o.
52

+

(n
'/o

ß
n1

o.
't0

5

zæ
o

73
5

0.
00

8

o.
6ô

5

0.
00

00
3

1.
57

0.
00

6

0.
00

00
4

5.
75

.t

M
d

(r
¡f

/o
\

0-
82

0

0.
oo

a

0.
00

00
4

0.
00

2

0.
00

00
4

5.
40

4

0.
J8

6

S

(r
l/o

)

0.
00

00
2

0.
1,

4¡
t

0.
00

00
4

6.
11

7

o.
sa

,a

0.
0

C
v

0.
00

00
6

0.
07

5

2-
14

2

o,
s

o.
1n

0.
00

00
J

0.
0

o.
Jo

7

C
s

Lm
l

l.o
gt

o.
or

õ

o.
0

0.
ss

J

C
e

1.
0J

3

zr
00

o.
o2

1

O
..l

õ9

R

(^
'/e

)

2-
12

9

27
10

o.
oo

l

7.
2'

tÐ
1

0.
1,

+
lt

23
59

M
ox

(m
'/o

l

L6
n

10
.!1

t.r
3

o.
00

,1

't.
51

1

2"
38

3

M
ox

M
ln

e.
80

7

1,
28

f.1
J

1.
82

1

t.4
00

1,
t 
l0

1.

M
ox x

l.2
a

21

28
2

2.
1t

5

+
.0

ô3

1.

1.
21

71

M
sd x

1,
75

6

0.
4a

5

,lô
o

l.7
 a

ô.
60

4

o.
ø

o2

o,
o1

2

0,
t€

5

8.
7t

,t

o.
J9

ô

o.
or

2

8,
9.

€

0.
0

5.
12

8

o-
o7

,

4.
e0

€

o.
25

1

o.
10

Ð



S
T

A
T

O
N

N
U

M
B

E
R

T
ab

le
 A

-6

S
am

pI
e 

S
ta

tis
tic

s 
fo

r 
pe

m
bi

na
 R

iv
er

 B
as

in

05
0c

00
4

H
Y

D
R

O
M

E
'IR

IC
S

T
A

T
O

N
 N

A
M

E

o5
08

00
7

05
08

00
8

P
om

bl
no

 R
lv

6r
n€

or
 N

6c
hð

05
08

00
1

P
om

bl
no

 R
lv

tr
ne

or
 W

nd
\r

'o
ot

os

05
08

01
 I

I ts U
J H I

P
om

bl
no

 R
lv

or
ne

or
 K

ol
6l

do

05
08

02
3

P
cm

bl
no

 R
lv

or
ns

or
 L

o 
R

lv
le

rc

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 

IN
S

A
M

P
LE

05
0A

00
7

P
em

bl
no

 R
lv

or
no

or
 S

w
on

 L
ok

e

o5
08

01
 6

P
om

bl
no

 R
lv

or
ba

lo
w

 C
ry

3t
ol

 C
r6

ok

05
0A

00
6

B
od

go
r 

C
ro

ok
no

or
 C

or
tw

rlo
ht

21

05
0A

o1
 0

S
no

w
flo

ko
 C

re
ok

ne
or

 S
no

w
flo

ko

P
E

R
IO

D
 O

F
R

E
C

O
R

D

18

05
0A

01
 2

Lo
ng

no
or

10

05
08

01
 0

1 
90

3-
1 

98
0

R
lrr

er
H

ol
m

flo
ld

P
cm

bl
no

 R
lv

er
ob

ov
6 

Lo
rn

o 
Lo

ko

14

o5
0A

00
8

P
om

bl
no

 R
lv

or
ob

ov
o 

D
lv

or
sf

on

1 
96

2-
1 

98
0

10

05
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

C
¡p

ro
ss

 
C

ro
ok

no
or

 C
lo

or
w

ot
or

1 
95

7-
1 

96
9

17

05
0A

01
 3

G
R

O
S

S
(k

m
1

1 
96

3-
1 

97
7

P
am

bl
no

 R
lv

er
no

or
 K

lll
om

ey

21

05
08

03
1

1 
s6

2-
1 

s7
2(

s)

M
ow

br
oy

 C
ro

ok
no

or
 M

ow
br

oy

44
74

19

05
08

00
6

E
F

F
E

C
T

\E
(k

-1

1 
s6

2-
1 

98
0(

S
)

Lo
ng

 R
lv

or
ne

or
 K

lll
om

oy

75
03

21

05
08

02
5

1 
95

9-
1 

98
0

C
)p

ro
os

 C
ro

ok
ne

or
 S

or
lo

g

71
32

18

05
08

01
J

5J
82

M
ar

ch
 M

on
th

ly
 M

ea
n 

F
l_

ow
s

C
r¡

æ
to

l C
ro

ok
no

or
 C

rw
to

l 
C

ltv

1 
96

1 
-1

 9
60

53
20

1J

05
0A

00
5

44
77

(m
'/o

)

m
go

n
gr

os
s 

do

(m
'/r

¡1
.n

)

1 
ss

9-
1 

s8
0(

s)

P
llo

t 
C

ro
ek

no
or

 P
llo

t 
M

ou
nd

49
85

21

1.
4e

.|

41
 8

8

I 
96

2-
1 

98
o(

S
)

M
or

y 
Jo

ne
 C

rc
ok

ot
 L

o 
R

lv
le

ro

44
87

21

33
67

t..
ltt

7

1 
s6

3-
1 

97
6(

s)

H
ld

do
n 

ls
lo

nd
 C

ou
ló

o
nc

or
 H

on
eb

or
o

18

t 
51

J

m
eo

n
of

f. 
do

(n
'rt

c/
xn

r)

0.
oo

o2

t.1
JA

31
27

1 
s5

s-
1 

s8
0(

s)

0.
00

02

98
0

9

o.
72

A

27
29

1 
s5

9-
1 

s8
0(

s)

0.
o0

02

18

57
6

o.
0{

t

o.
00

03

1 
96

2-
1 

s8
0(

s)

7J
5

M
d

(m
'/¿

)

20

0.
00

01

54
2

1.
01

2

0.
00

03

1 
s6

7-
1 

s7
6(

s)

24
5

17

0.
00

01

48
5

S

(¡
'/o

)

0.
32

9

0.
00

0J

50
5

1 
96

1 
-1

 9
80

o.
,+

57

17

J8
8

0.
o0

02

o.
00

8

C
v

1 
s5

9-
1 

s8
0(

s)

o.
00

02

36
0

0.
3J

0

25
0A

19

35
4

o.
00

02

o.
Jo

a

o.
59

3

32
8

0.
00

02

1 
96

3-
1 

s8
0(

S
)

C
s

21
31

0.
00

01

26
2

1.
72

2

o.
J,

(ã

0.
00

04

28
2

o.
47

t

1 
s6

0-
1 

98
0(

s)

t.9
30

C
e

0.
00

05

20
9

t.8
0+

o.
.tr

9

3.
O

,+
O

0.
o0

04

o.
0.

19

1 
96

2-
1 

98
0

2A
1

0.
94

o

0.
00

06

R

(^
'/o

)

1.

14
9

0.
25

3

t.:
t2

z0
e9

0.
o0

04

0.
o4

3

t6
8

11
.7

7

LJ
O

0

0.
00

09

15
4

1.
3,

17

0.
5,

t0

M
ox

(m
'/¿

\

t.

0.
00

06

91
,1

16
0

o.
oo

7

1-
11

2

z2
!2

t1
.2

0

0.
00

06

L1
21

14
7

0.
1,

t8

r.
59

5

0.
00

10

M
ox

M
in

5.
J5

0

13
3

o.
tr

J

1.
02

5

7.
67

0.
00

10

L1
6l

11
.2

15
6

o,
21

1

26
95

88
.O

0.
00

1J

2-
A

O
1

0.
o0

2

4.
gg

M
ox x

o.
17

2

0.
00

06

68
.1

5.
10

e

7.
ø

7

0.
t,r

.r

2A
J(

)

5{
t0

0

0.
00

09

0.
03

0

ro
.2

5

10
3

Lg
2

0.
7,

l':
t

0.
00

1o

t.

4.
9€

M
.e

d
X

o.
16

7

75
8

1.
O

X

o.
oo

12
'

0.
0f

,5

s.
72

1

7.
51

5

11
2

o.
6J

7

,+
.J

.r

0.
00

10

?-
14

3

z9
2

0.
o7

t

zJ
55

60
.9

0.
00

09

o.
o

14
.4

7

5.
55

e

o.
91

3

o.
Jo

7

a_
41

0.
00

1 
1

21
25

,+
.5

.1

3.
15

2

o.
2J

¡i

0.
00

12

0.
02

0

ø
.2

7ø

a.
Ja

¡t

o.
77

1

,t.
50

o.
2r

a

0.
00

05

4.
11

Ll
T

A

0.
04

6

J.
52

r

0.
00

14

o.
o

1.
O

12

il.

o.
71

1

0.
5ã

o,
82

1

0.
00

17

3.
o.

ß
t

t8

,t.
59

2A
50

2A
r3

0.
00

1 
I

0.
00

J

l4
a1

ø
.7

52

o.
37

2

J.
03

0.
86

5

o.
o0

10

z0
38

o.
82

1

3-
0{

14

0.
00

07

to
.J

t

0.
0

8.
10

t

0.
J4

9

0'
07

5

5.
,t9

25
10

J.
O

J

5.
't1

7

17
,,+

3

o.
æ

2

0.
00

21

rJ
.9

5

o.
Jt

t2

J.
2t

0.
o8

0

't.
ô.

t€

3,
¡1

9

2-
Ê

ú

0,
00

1r

12
-2

2

0,
0

6.
5A

A

3.
,t2

0.
J8

9

o.
02

t

3.
21

zJ
oS

2J
69

o.
o'

t5

9,
67

6

o.
sa

6

J.
08

0.
18

0

o.
t 

J¡
r

23
J:

t

I.+
2

z5
1A

0.
0

8.
95

8

to
-t

r

o.
1T

t

o.
oo

7

l.,
at

zg
1

5.
O

A

2-
5'

,tø

7.
O

23

7.
A

A
O

0.
16

8

t-
í 

a

o.
il5

zo
Jr

t-
¿

t

2.
J€

5

6.
59

9

r3
,5

t

0.
04

,a

1.
17

2.
52

9

t.f
 I

zt
S

s

5,
78

0

a7
6A

1.
J9

0.
0

'1
,1

7

3.
21

1

9.
50

2

4.
83

2

0.
06

:t

o.
54

9

t.
59

5.
6{

},
1

tz
71

1.
00

0.
00

J

0.
5,

+
g

&
rf

 I

0.
64

a

0.
o1

,1

1.
00

0.
J2

8

o.
o

0.
88

A

7.
08

A

0.
00

e

8.
4t

5

o.
o

r0
.J

8

0.
ot

,t

0.
0



S
T

A
T

O
N

N
U

M
B

E
R

05
0c

00
4

S
am

pI
e 

S
ta

tis
tic

s

o5
0B

o0
7

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

IO
N

 N
A

M
E

05
08

00
8

P
om

bl
no

 R
lv

or
no

or
 N

oc
h6

05
08

00
1

P
6m

bl
no

 R
lv

6r
n6

or
 W

nd
!,q

ot
o6

I F (, N I

05
08

01
 9

P
em

bl
no

 R
lv

or
no

or
 K

ol
si

do

05
08

02
3

P
om

bl
no

 R
lv

or
ne

or
 L

o 
R

lv
le

re

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

05
0A

00
7

T
ab

le
 A

_7

fo
r 

P
em

bi
na

 R
iv

er
 B

as
in

P
om

bl
no

 R
lv

or
no

or
 S

w
on

 L
ok

o

05
08

01
 6

P
sm

bl
no

 R
lv

or
bo

lo
w

 C
rt

ot
ol

 C
ro

ok

05
0A

00
6

óo
dg

or
 C

re
ok

no
or

 C
or

tw
rlq

ht

21

05
0A

01
 0

S
no

w
flo

ko
 C

re
ok

no
or

 S
no

w
flo

ko

P
E

R
IO

D
 O

F
R

E
C

O
R

D

18

05
0A

01
2

Lo
ng

no
or

10

05
08

01
0

P
em

bl
no

 R
lv

or
ob

ov
e 

Lo
m

o 
Lo

ke

1 
90

3-
1 

98
0

R
lw

r
H

ol
m

flo
ld

14

05
0A

00
8

P
m

bl
no

 R
lw

r
ob

ow
 D

lv
ar

sl
on

I 
96

2-
1 

98
0

10

05
08

02
1

I 
95

7-
1 

96
9

1 
96

3-
1 

97
7

D
R

A
IN

A
G

E
 A

R
E

A

C
¡p

ro
ss

 
C

ro
ok

no
or

 C
lo

or
w

ot
or

17

05
0A

01
 5

G
R

O
S

S
(k

-)

44
74

75
03

P
em

bl
no

 R
lv

or
no

or
 K

lll
om

ev

21

05
08

03
1

M
ow

br
oy

 C
ro

ek
nc

or
 M

ow
br

oy

r 
s6

2-
1 

s7
2(

s)

19

05
08

00
6

E
F

F
E

C
T

IV
E

(k
m

)

Lo
ng

 R
lv

or
no

or
 K

lll
or

no
y

1 
s6

2-
1 

s8
0(

s)

21

o5
08

02
5

1 
95

9-
1 

98
0

C
¡p

re
ss

 
C

ro
ok

nô
or

 S
or

lo
s

71
32

18

05
08

01
3

A
pr

il-
 M

on
th

l_
y 

M
ea

n 
F

lo
w

s

53
E

2

C
ry

st
ol

 C
re

ok
ns

or
 C

rr
rr

to
l C

ltv

1 
96

1 
-1

 9
80

m
oo

n

(m
'/¡

)

53
20

1J

05
0A

00
5

44
77

P
llo

t 
C

ro
ek

ne
or

 P
llo

t 
M

ou
nd

1 
ss

s-
1 

s8
0(

s)

m
€o

n
gr

os
a 

do

(n
'/a

/x
m

)

49
8J

21

41
88

JJ
.7

.+

1 
s6

2-
1 

s8
0(

s)

M
or

y 
Jo

no
 C

re
ek

ot
 L

o 
R

lv
la

ro

44
A

7

21

33
67

26
.5

0

22
A

1

1 
s6

3-
1 

e7
6(

s)

H
ld

do
n 

ls
lo

nd
 C

ou
lo

o
ns

or
 H

on
sb

or
o

't5
1J

18

0.
00

40

m
60

n

31
27

1 
s5

9-
1 

98
0(

s)

óf
f, 

do

(n
'/a

¡'t
ø

)

o.
oo

38

98
0

I

27
29

24
.7

5

1 
s5

s-
1 

s8
0(

s)

1 
s6

2-
1 

s8
o(

s)

18

57
6

0.
00

52

16
.5

5

23
.5

3

0.
00

63

73
5

M
d

(m
'/o

)

20

54
2

0.
00

47

1 
s6

7-
1 

s7
6(

s)

o.
00

84

24
5

l7

0.
00

37

S

(m
'/"

)

48
5

9.
Jr

0

0.
00

55

50
5

I 
96

1 
-1

 9
80

28
,1

17

J8
8

35
4

0.
00

52

¿
65

3

1 
95

e-
1 

s8
0(

s)

0.
00

74

0.
00

59

36
0

17
,2

C
v

19

2&
71

0.
00

62

J.
55

a

32
8

1 
s6

3-
1 

s8
0(

s)

1J
.0

C
s

25
.2

5

26
2

o.
oo

27

o.
8t

u

,f.
38

2

28
2

o.
o0

86

1 
96

0-
1 

s8
0(

s)

12
3

2ø
.7

8

20
9

0.
00

82

C
o

1,
02

A

+
97

0

0.
85

7

o.
o1

27

1 
96

2-
1 

98
0

2A
1

t0
.3

25
.4

2

0.
00

81

14
9

R

(m
'/o

)

t.2
59

3.
21

1

1.

0.
01

08

16
8

18
0

t'1
.7

08
5

0.
r5

1

2,
t.1

J

0.
01

 0
9

15
4

t.

3.
.$

2

le
7

21
15

M
ox

(n
'/¿

)

0.
00

70

3.
,t6

o.
75

4

26
.5

5

87
.2

1

0.
00

83

1.
J0

1.

14
7

2-
20

1

I.S
JJ

o.
o1

22

1J
3

1.
J1

8.
98

7

fir
r

11
,7

2

87
.5

0

o.
oo

98

13
6

t.1
 2

6

ae
 .

2

2-
ga

1

23
68

88
.0

0.
01

52

zg

1.
ô5

8

zS
ao

s1
.n

68
.1

o.
00

84

M
ox i

1.

8C
.1

t.,
t8

0

23
9

1.

45
.5

0.
0f

 1
4

¿
tô

10
3

a.
ø

77

2s
J

5.
,+

16

84
.9

¿
t

0.
01

4J

1.
O

ôl
t

M
ed i

95
.O

1.
17

8

1.
40

2

t.t
6

0.
01

 2
3

3.
17

t.

11
2

za
11

.+
.5

t2

0.
00

98

B
O

.r
8

5+
0

o.
90

0

69
.r

1.
21

8

60
.9

29
.4

0.
01

31

2-
21

)

1.
70

1

J,
0s

1

1.
87

1

80
.1

J

o.
77

1

0.
00

76

t.o
Jo

91
.7

t.0
65

1.
na

58
4

0.
01

66

2.
26

,+
. 

r 
5e

0.
 o

70

J.
J7

O

34
.7

,t

0.
60

2

0.
00

8J

0.
98

0

ao
.2

0.
01

2

1.
08

.t

5J
.A

0.
01

 1
 0

1.
08

t.3
8A

5.
59

5

5.
00

3

LJ
A

o.
,t€

:t

o.
o1

22

5A
-8

't.
05

0

0.
87

0

10
a4

0.
01

 3
4

2.
.fJ

0.
5J

7

4.
,+

04

20
55

11
.o

7

o.
,$

6

0.
01

 3
4

l.o
.+

t

8.
57

t.

6e
J

0.
01

18

0.
82

0

f6
8

0.
26

5

J.
,€

A

rz
8¡

t

?-
11

8

0.
55

6

o.
92

3

11
.2

lJ
05

l.

0.
01

49

o,
f¡

71

11
7

l.l
s€

4.
t8

4

'r.
58

5

r2
ôo

o.
19

7

o.
at

'l

tJ
.1

0.
5,

t7

8J
.6

0.
01

 5
0

0.
6û

t

0.
92

0

rt
35

1.
O

90

to
.8

9

o.
J7

2

1.
O

71

lz
9

o.
01

6

51
.8

0.
t6

J

t,t
0

¡r
.€

1.
J8

t

fi.

0.
,+

9,
t

0.
95

:t

't0
.9

99

0.
98

5

,+
3.

7

0.
,lf

J

t.8
90

29
00

5.
8:

t

't.
65

8

0.
70

J

t.

12
-1

11
7

o.
5a

,f

21
æ

0.
60

,t

25
98

'L
03

9

7.
17

0.
.+

oJ

o.
98

6

5,
E

a

1.
,+

51

10
7

0.
J5

2

IJ
9,

+

,l.
A

J

0-
8J

0

7.
32

t.1
J9

o.
8t

,t

te
6

21
90

¡.
4e

6

J.
.+

5

0.
7r

J

,+
.8

:t

1.
08

0

+
7.

g

o,
41

za
aT

,+
.0

5

û6
53

5.
,k

ã

.€
50

o.
7a

7

2,
1{

15

1.
7A

0.
89

8

.t.
65

J,
r5

0

3-
JO

€

l.t
t

0.
8t

3

1.
76

zJ
23

zg
JO

o.
æ

2

J.
3r

J.
A

IA

o.
7A

2-
A

gO

O
.¡

l0
J

J.
62

9

o.
7t

5

0.
,iõ

:,



S
T

A
T

O
N

N
U

M
B

E
R

0s
oc

00
4

S
am

pl
e 

S
ta

tis
tic

s 
fo

r

05
08

00
7

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

O
N

 N
A

M
E

0s
oB

00
8

P
ôm

bl
no

 R
lv

6r
ne

or
 N

ec
ho

05
08

00
1

P
om

bl
no

 R
lv

or
no

or
 W

nd
vo

ot
oe

05
08

01
 9

I H u) U
J I

P
om

bl
no

 R
lv

er
no

or
 K

ol
oi

do

o5
08

02
3

P
om

bl
no

 R
lv

or
no

or
 L

o 
R

lv
lc

re

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

05
04

00
7

P
om

bl
no

 R
lv

or
no

or
 S

w
on

 L
ok

€

05
08

o1
6

P
em

bl
no

 R
lv

or
bo

lo
w

 C
rì

Æ
to

l 
C

re
ôk

o5
0A

00
6

B
od

go
r 

C
ro

ok
no

or
 C

or
tw

rlq
ht

21

T
ab

le
 A

-B

P
em

bj
-n

a 
R

iv
er

 B
as

j_
n 

M
ay

 M
on

th
ly

 M
ea

n 
F

l_
ow

s

05
0A

01
 0

S
no

w
flo

ko
 C

¡o
sk

no
or

 S
no

w
llo

ko

P
E

R
IO

D
 O

F
R

E
C

O
R

D

t8

05
0A

01
 2

Lo
ng

 R
lw

r
no

or
 H

ol
m

flo
ld

10

05
08

01
 0

1 
90

3-
1 

98
0

P
em

bf
no

 R
lv

ôr
ob

ov
e 

Lo
m

a 
Lo

ko

14

05
0A

00
8

1 
96

2-
1 

98
0

P
€m

bl
no

 R
lv

or
ob

ov
o 

D
lv

ar
sl

on

10

05
08

02
1

C
¡p

ro
ee

 C
ro

ok
no

or
 C

le
or

w
ot

er

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

17

05
0A

01
 3

cR
os

s
(k

-')

P
om

bl
no

 R
lw

r
no

or
 K

lll
om

ev

1 
96

3-
1 

97
7

21

05
08

0J
1

1 
s6

2-
1 

s7
2(

s)

M
ow

br
oy

 C
ro

ok
no

or
 M

ow
br

ov

44
74

19

05
08

o0
6

E
F

F
E

C
ÎV

E
(k

-1

1 
s6

2-
1 

e8
0(

S
)

Lo
ng

 R
lv

er
no

o¡
 K

lll
om

ev

75
03

21

05
08

02
5

C
¡p

ro
ee

 C
ro

ol
r

no
or

 S
or

lô
s

1 
95

9-
1 

98
0

71
32

18

05
08

01
 3

53
82

C
ry

at
ol

 C
rc

ek
no

or
 C

rr
at

ol
 C

ltv

1 
96

1 
-1

 9
80

53
20

1J

05
0A

00
5

44
77

(m
'h

)

P
llo

t 
C

ro
ok

no
or

 P
llo

t 
M

ou
nd

m
oo

n
gr

or
E

 d
o

6'
/¿

rt
¡¡

)

1 
s5

e-
1 

s8
0(

s)

49
85

,1

Jl
.O

J

41
88

M
or

y 
Jo

ne
 C

re
ek

of
 L

o 
R

lv
le

re

1 
s6

2-
1 

s8
0(

s)

44
87

21

33
67

2t
.5

9

1 
s6

3-
1 

s7
6(

s)

H
ld

dc
n 

le
lo

nd
 C

ou
lc

o
no

or
 H

on
ab

or
o

15
1 

3

18

m
60

n

0.
00

37

31
27

18
.5

7

1 
es

e-
1 

s8
0(

s)

61
1.

 d
O

(m
'/a

¡ln
)

0.
00

37

98
0

I

27
29

22
.æ

1 
95

9-
1 

s8
0(

s)

18

0.
00

25

57
6

't7
.5

3

0.
00

58

1 
s6

2-
1 

98
0(

S
)

73
5

20

M
d

(^
'/o

l

0.
00

/+
5

54
2

15
.4

J

1 
s6

7-
1 

97
6(

s)

0.
o0

62

24
5

17

o.
00

J5

S

(n
'/a

)

48
5

28
3,

1

1 
96

1 
-l 

98
0

0.

50
5

25
.2

17

00
,to

38
8

0.
00

55

z2
B

+

1 
e5

s-
1 

s8
0(

s)

C
v

0.
00

68

36
0

19
,f

sz
64

19

55
4

0.
00

19

I.E
3J

1 
s6

3-
1 

s8
0(

S
)

32
A

o.
00

56

'tJ
.9

2&
58

C
s

26
2

0.
00

25

1.
05

4

t.,
t9

3

28
2

1 
s6

0-
1 

s8
0(

s)

0.
o0

58

16
.6

1,
f.5

4

20
9

0.
00

28

C
e

1.
05

4

1.

t.s
a:

t

0.
00

J9

1 
96

2-
1 

98
0

t5
.8

77
7

2A
1

20
.9

5

0.
00

28

14
9

0.
87

6

R

(m
'/.

)

0.
,tl

3

1,
44

1

0.
00

93

r6
8

.t.
J{

{t

tJ
.2

t5
,0

7

o.
00

35

15
4

o.
81

6

1.
1 

e4

M
ox

(m
'/¿

)

f.t
 7

8

0.
00

52

'tE
0

1.
50

27
1c

15
.1

7

l2
9.

o

14
7

0.
00

11

o.
79

1

0.
6e

8

l-2
57

0.
o0

41

13
3

1,
2J

zs
Jo

M
s.

r
M

ln

3.
4A

7

10
t.0

o.
o0

J4

13
6

0.
e5

Ð

lJ
t

t.5
47

88
.0

ù7
A

6

O
.0

0/
+

A

5.
J0

5

l2

J.
J5

:}

,r
5.

80

68
.1

o.
oo

27

M
9Ã i

LJ
71

10
2

0.
10

,t

E
5.

l

o.
90

1

0.
00

1 
5

10
3

o.
89

e

L1
2l

73
.+

7

1.
62

4

o.
oo

74

+
7.

4

t..
to

6

M
ed i

0.
1,

È
t

1.

1O
.r

0.
00

42

1-
11

11
2

o.
7s

o

70
J

1.
22

2

1.
57

J

0.
00

11

12
-0

5

o.
0e

7

70
.1

O
.,l

f1

25
.4

60
.9

20
t5

o.
oo

42

0.
09

8

5.
t6

1

J.
60

7

1.
¡1

9'
t

49
.4

2

0.
00

09

o.
41

2

f.0
53

12
7

0.
33

2

62
6

1.
65

2

0.
00

86

0.
7J

:¡

1.
19

7

z0
6t

o.
6ñ

13
.a

9

o.
00

28

o.
89

2

o.
91

2

,t9
.9

o.
t8

{t

21
0a

85
.6

0.
o0

12

o.
ãJ

J.
5.

$

J.
9t

.t

1.

11
.

0.
&

t7

0.
00

24

2J
5

1.
92

5

rJ
.9

to

1.

6û
í

0.
00

18

1.
51

2.
/tl

l€

5.
7J

t

72
9

1.
13

7

o.
72

1

6.
50

o.
oo

27

t.o
54

fl.

2o
aa

11
5A

o.
00

¡+
o

0.
0,

+
r

J.
15

3

+
n7

1,
27

2

8.
2J

o.
79

{)

1.

6.
57

65
A

1.
70

4

0.
00

J0

55
50

0.
02

a

,t.
0t

1

,t.
so

5

0.
24

0

5.
25

0.
4:

tt

o.
ø

22

6,
J5

2,
+

A
:t

a2
t

0.
00

J1

0.
20

3

3.
0.

+
1

o.
Jt

7

.t 
45

9

2.
40

0.
52

9

1.
75

J

5.
41

1.
1 

90

6,
t.6

o.
12

1

7.
9a

5

,+
.o

2J

o.
ø

17

1.
E

O

0.
3J

8

22
21

2.
,1

O

5.
1t

5

J:
t.,

1

0.
o5

7

¡t
.'1

00

4.
2J

8

0.
3¡

f5

/+
,5

1

0.
68

6

1.
57

5

,1
.8

1

J,
,+

,t€

21
00

12
.ð

A

5,
4r

6

0.
35

,t

o.
80

2

t.0
,lo

,1
.5

1

t0

za
r

61
4

1J
.0

7

5.
8t

7

1.
21

o-
70

1

1.
75

2

1.
2ð

21
56

lO
.¿

la

.t.
't1

3

1.
3ô

0.
2J

8

1.

z2
7J

n

27
.5

ø
.1

78

6,
,1

ô5

2-
ø

2

0.
61

t

r.
J6

6.
t,t

J

2-
75

t

'1
.0

1

o,
30

5

28
2

7.
J7

6

o.
s7

8

L2
4

1.
95

0.
5s

0

o2
50

'1
.2

1

t0
2

8.
Jô

it

0.
to

ô

5.
ôO

7

o.
4c

1

E
.ð

41

O
.J

7J

o1
e9



S
T

A
T

O
N

N
U

M
B

E
R

T
ab

le
 A

-9

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bi

na
 R

iv
er

 B
as

j-n
 J

un
e 

M
on

th
ly

 M
ea

n 
F

]o
w

s

o5
0c

oo
4

05
08

00
7

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

IO
N

 N
A

M
E

05
08

00
8

P
om

bl
no

 R
lv

sr
Á

eo
r 

N
oc

ha

05
08

00
1

P
em

bl
no

 R
lv

s
na

or
 W

nd
yq

ot
oe

I H (, À I

05
08

01
 I

P
om

bl
no

 R
lv

or
no

or
 K

ol
oi

do

o5
0B

o2
3

P
ø

m
bl

no
 R

lv
or

ne
or

 L
o 

R
lv

le
re

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

05
0A

oo
7

P
ø

m
bl

no
 R

lv
or

no
or

 S
w

on
 L

ok
6

05
08

01
 6

P
€m

bl
no

 R
lv

or
bo

lo
w

 C
rw

to
l 

C
re

ek

05
0A

00
6

B
od

go
r 

C
re

ek
no

or
 C

or
tw

rlo
ht

21

05
0A

01
 0

S
no

w
flo

ko
 C

ro
ek

na
or

 S
no

w
llo

ko

P
E

R
IO

D
 O

F
R

E
C

O
R

D

18

o5
0A

01
 2

Lo
ng

 R
lv

€r
ne

or
 H

ol
m

fle
ld

10

os
oB

01
 0

1 
90

3-
1 

98
0

P
em

bl
no

 R
lv

or
ob

ov
ô 

Lo
m

o 
Lo

ko

14

05
0A

00
8

1 
96

2-
1 

98
0

P
om

bl
no

 R
lv

or
ob

ov
6 

D
lv

ôr
sl

on

10

05
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

I 
95

7-
1 

96
9

C
¡p

re
es

 C
ro

ok
no

or
 C

le
or

w
ot

or

17

G
R

O
S

S
(k

-1

05
0A

01
 3

1 
96

3-
1 

97
7

P
om

bl
no

 R
lv

or
nô

or
 K

lll
om

cy

21

05
08

03
1

1 
s6

2-
1 

s7
2(

s)

M
ow

br
oy

 C
ro

ok
no

or
 M

ow
br

oy

84
74

19

05
08

00
6

E
F

F
E

C
1l

\€
(k

m
1

1 
96

2-
 1

 s
80

(s
)

75
03

Lo
ng

 R
lv

or
n6

or
 K

lll
om

oy

21

05
08

02
5

1 
95

9-
1 

98
0

C
¡p

ro
as

 C
re

ok
no

or
 S

od
os

71
32

18

53
82

05
08

01
 3

m
ø

on

(¡
'/¿

)

1 
96

1 
-1

 9
80

53
20

C
r¡

æ
to

l C
ro

ek
no

or
 C

rw
to

l 
C

lty

13

+
47

7

05
04

00
5

tî6
0n

gr
oo

s 
do

(m
'/¿

lln
1

1 
e5

e-
1 

e8
0(

s)

P
llo

t 
C

re
ek

n6
0r

 P
llo

t 
M

ou
nd

49
83

21

13
.0

a

41
 8

8

1 
s6

2-
1 

s8
0(

S
)

44
47

M
or

y 
Jo

no
 C

ro
ok

ot
 L

o 
R

lv
lo

ro

21

10
.a

7

33
67

1 
96

3-
1 

97
6(

S
)

H
ld

do
n 

la
lo

nd
 C

ou
lo

o
næ

r 
H

on
ab

or
o

15
13

m
ao

n
ol

l. 
do

(m
'/a

¡1
rn

)

0.
00

1 
5

18

8.
51

,t

31
27

1 
ss

s-
1 

s8
0(

s)

0.
00

14

98
0

9.
A

5{
)

27
29

I

r 
95

s-
1 

s8
0(

s)

o.
o0

09

l8

57
6

7.

0.
00

24

73
5

1{
ft

M
d

(^
'/o

)

r 
s6

2-
1 

s8
0(

s)

0.
00

1 
I

54
2

20

6.
05

1

o.
oo

24

24
5

1 
96

7-
1 

e7
6(

S
)

S

(m
'/o

)

o.
00

15

17

48
5

o,
ee

5

10
.1

0.
00

't 
6

50
5

1 
96

1 
-1

 9
80

0.
00

15

38
8

17

o.
5e

2

C
v

0.
00

29

36
0

8.
,t{

t

r 
ss

e-
1 

e8
0(

s)

12
-7

6

o.
00

07

35
4

19

0.
80

1

6.
6.

t

o.
00

24

32
8

1 
s6

3-
1 

s8
o(

S
)

C
e

11
.2

0

o.
07

5

0.
00

06

26
2

0.
61

2

a"
J2

o.
oo

22

28
2

1 
96

o-
1 

s8
0(

s)

1,
27

A

C
e

t.o
Jo

0.
00

1 
5

20
9

t.

0.
63

4

o.
o0

14

75
1

5.
74

24
1

1 
96

2-
1 

98
0

9.
60

2

R

lm
'/t

)

0.
85

7

0.
00

1 
r

t.8
89

14
9

0.
55

0

o.
oo

24

5.
60

1.
20

A

16
8

8.
82

1

0.
99

5

0.
00

1 
4

15
4

0.
08

1

M
ox

(m
'/s

)

0.
59

0

0.
00

18

0.
4e

5

.+
.o

5a

18
0

8.
5J

5

,t9
.2

8

o.
00

09

0.
0r

8

14
7

1.

o.
12

7

0.
76

3

0.
00

17

o.
15

7

!ú
H

70
1

13
3

12
26

1.

50
.J

0.
00

17

r.
08

0

J0
9

2-
11

 +

rJ
6

o.
75

1

o.
o0

19

88
.O

0,
5a

o

4.
A

7J

12
69

0.
s2

8

U
eå x

+
za

1.
.r

o9

0.
o0

05

68
.1

.a
€,

.r

t.5
1ô

0,
28

2

0.
00

12

o.
14

7

7-
aa

5

10
3

J5
.3

0

o.
tr

2

ry
d x

1r
,t

0.
00

36

t-
50

1

80
.0

22
93

o.
oJ

5

o.
00

21

0.
,4

10

5.
4,

.5

2-
A

A
7

11
2

0.
61

0

24
.1

7

5:
t.6

0'
9t

o

0.
00

1 
9

z2
t5

t&
s

0.
08

7

60
.9

o.
o0

08

8.
J5

5

J.
g3

A

0.
o4

1

o.
77

2

0.
5f

7

21
.5

4

21
.9

0.
99

7

0.
00

02

11
4

0.
85

8

0.
0€

2

o.
12

7

2-
O

57

5,
96

tt

0.
00

42

O
.T

ÌA

5.
õ8

o9
05

n.
a

o.
af

6

0.
00

06

1.
97

9

54
.2

0.
oJ

o

5.
68

9

0.
00

21

o.
o1

2

0.
,tE

2

t.0
19

3.
,1

€

o.
61

9

zø
ø

2

5.
54

0.
00

05

J5
,t

t.

o.
00

04

J.
3¿

+
2

o.
7t

6

0.
61

A

17
1

0.
86

2

o.
20

7

za
4

3.
,t€

l.O
3,

l

0.
00

05

5.
51

1

35
€O

0.
0o

5

0.
00

08

5-
57

0

2-
52

0

o.
,+

73

o.
T

t1

23
1

1.
02

6

z8
1

r.
65

5

5.
61

9

1Z
O

7

0.
00

05

o.
oo

l

o.
02

3

0,
82

1

1.
41

2-
æ

o.
42

7

62
b

L3
76

1.
15

7

0.
00

06

5.
e7

0

0.
fi)

8

o.
,+

08

3.
71

0.
o9

7

29
09

t.8
9

o.
05

9

r6
0

zg
cz

o,
o,

to

6.
85

0

o,
27

0

o-
1 

4¡
t

2.
51

L7
æ

J.
7l

56
.3

5.
.to

7

1.
1 
l,l

,1
.1

S
:t

o.
fl)

8

0.
62

8

o.
74

1

o.
o1

7

r.
07

5

2.
51

3.
75

2

2-
S

A
2

1J
.9

ô

0.
79

6

1.
.1

5

o.
oa

5

o.
78

1

o.
74

1

t.6
ãe

14
.7

s

10
.9

,t

o.
64

7

5.
32

t.¿
la

1.
81

7

0.
80

,t

,1
.1

9J

2-
20

8

o.
1n

o.
12

2

J.
32

l,t
o

21
92

6.
16

6

o.
53

A

O
.,l

O
Ð

0.
7r

J

o.
42

:t

5.
28

e

t.8
50

o.
s:

to

o.
15

{

0.
.t0

0

1'
1.

71

0.
05

{)

0.
23

t

0.
16

5

f 
20

5

0.
ot

6

o.
2r

1

't5
.o

,r
.7

Jt
)

o.
o2

a

zB
79

0.
00

J

0.
,t5

.+

o.
0.

t0

o.
22

1



S
T

A
T

IO
N

N
U

M
B

E
R

T
ab

l-e
 A

- 
10

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bi

na
 R

iv
er

 B
as

in
 J

ul
y 

M
on

th
ly

 M
ea

n 
F

l-o
w

s

05
0c

00
4

H
Y

D
R

O
M

E
'IR

IC
S

ÏA
T

1O
N

 N
A

M
E

05
08

00
7

05
08

00
8

P
om

bl
no

 R
lv

or
ne

or
 N

ôc
h6

05
08

00
1

P
em

bl
no

 R
lv

or
nê

or
 W

ln
dy

'o
ot

oa

05
08

01
 I

I H (, (¡ I

P
om

bl
no

 R
lv

or
no

or
 K

ol
ol

do

05
08

02
3

P
om

bf
no

 R
lv

ar
no

or
 L

o 
R

lv
lc

re

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

o5
04

00
7

P
om

bl
no

 R
lv

6r
no

or
 S

w
on

 L
ok

a

05
08

01
 6

P
em

bl
no

 R
lv

ar
bc

lo
w

 C
rE

to
l 

C
ro

ok

05
04

o0
6

B
od

go
r 

C
ro

ok
no

or
 C

or
tw

rlq
ht

21

05
0A

01
 0

S
no

w
flo

ko
 C

ro
ok

no
or

 S
no

w
llo

ko

P
E

R
IO

D
 O

F
R

E
C

O
R

D

19

05
04

01
 2

Lo
ng

n 
oo

r

10

05
08

01
 0

1 
90

3-
1 

9E
0

R
lv

or
H

ol
m

fl6
ld

P
m

bl
no

 R
lw

r
ob

ov
o 

Lo
m

o 
Lo

ko

15

o5
0A

00
8

1 
96

2-
1 

98
0

P
m

bl
no

 R
lv

or
ob

ov
ð 

D
lv

6r
sl

on

11

D
R

A
IN

A
G

E
 A

R
E

A

05
08

02
1

1 
95

7-
1 

96
9

C
¡p

ro
es

 C
ro

ok
no

or
 C

lo
or

w
ot

or

'1
8

G
R

O
S

S
(k

m
)

05
04

01
 3

1 
96

5-
1 

97
7

P
om

bl
no

 R
lv

er
no

or
 K

lll
om

oy

21

o5
08

03
1

1 
96

2-
1 

s7
2(

s)

84
74

M
ow

br
oy

 C
ro

ok
n6

or
 M

ot
r/

br
oy

20

E
F

F
E

C
T

\E
(k

.')

o5
0B

oo
6

1 
s6

2-
1 

s8
0(

S
)

75
03

Lo
ng

 R
fv

or
no

or
 K

lll
om

ov

21

05
08

02
5

1 
95

9-
1 

98
0

71
32

C
yp

ro
oe

 
C

ro
ok

no
or

 S
or

lo
s

19

53
82

05
08

01
 3

19
6'

t-
19

80

53
20

C
ry

at
ol

 C
ro

ok
no

or
 C

r¡
æ

to
l C

lty

14

44
77

(-
'/r

)

_i
tc

cl
r_

gr
oa

o 
do

(n
'/o

ß
n1

05
0A

00
5

1 
s5

s-
1 

e8
0(

s)

49
83

P
llo

t 
C

re
ok

ne
or

 P
llo

t 
M

ou
nd

21

3.
87

9

41
88

1 
96

2-
1 

s8
0(

S
)

44
47

M
or

y
of

 L
o

21

4.
/tÕ

6

33
67

1 
96

3-
1 

e7
6(

s)

-il
sf

lr_
of

f. 
do

(m
'/a

/w
¡1

'1
51

3

o.
o0

07

Jo
ne

 C
re

ek
R

lv
lo

ro

H
ld

do
n 

ls
lo

nd
 C

ou
lô

o
no

or
 H

on
sb

or
o

19

2.
61

7

31
27

1 
s5

s-
1 

s8
o(

s)

o.
o0

06

98
0

10

.1
.1

36

27
29

1 
s5

s-
1 

s8
0(

s)

o.
00

04

57
6

19

,+
.,l

af

0.
00

11

73
5

M
d

(m
'/ø

)

1 
e6

2-
1 

s8
0(

s)

0.
00

08

54
2

20

2-
67

3

o.
00

10

24
5

1 
s6

7-
1 

s7
6(

s)

c

(m
'/ø

l

0.
00

09

48
5

18

0.
81

8

0.
00

06

5.
11

s0
5

1 
96

1 
-1

 9
80

0.
00

06

38
8

18

o.
21

2

C
v

0.
00

12

3.
24

36
0

5.
.+

{'

1 
95

9-
1 

s8
0(

S
)

0.
00

04

35
4

19

o.
3E

7

0.
00

14

2-
14

C
s

52
E

4.
51

4

1 
e6

3-
1 

e8
0(

S
)

0.
s2

8

0.
00

02

26
2

0.
25

5

o.
00

09

J.
20

28
2

L2
01

1 
96

0-
1 

98
0(

S
)

C
e

1.
O

25

0.
00

06

1.
72

5

20
9

0.
5J

2

o.
oo

oa

2.
61

3.
82

J

1 
96

2-
1 

98
0

28
1

R

(r
{/

o)

0.
8:

t2

0.

1.
69

5

o.
14

7

14
9

4.
37

1

00
05

o.
00

09

1.

4.
04

9

16
8

3C

0.
92

1

0.
00

07

M
ox

(m
'/o

)

1.
1,

4O

15
4

0.
25

'l

4.
26

1

o.
t2

1

0.
00

07

Z
Læ

18
0

t.0
00

0.
90

8

0.
00

04

t.1
 8

1

14
7

o.
06

6

M
ox

M
ln

3.
89

8

0.
02

8

0.
00

07

17
,

1.
21

4

t3
J

zt
Lg

t. 
t6

8

0.
oo

07

86

1.
79

8

13
6

o.
2E

A

23
50

0.
00

10

0.
18

1

88
.0

M
ex Ì

7.
14

o.
20

6

t7
.0

zo
't6

0.
o0

03

72
-O

1

t.8
s9

68
.1

o.
11

2

5.
5A

t

0.
12

t

0.
00

05

13
.5

5

o.
5,

lJ

10
3

M
gd x

7.
32

t.3
97

0.
00

14

10
7

24
90

0.
0o

0

s,
89

5

3,
U

5

o.
ra

2

0.
00

09

14
.2

0

o.
26

0

11
2

1J
.0

0.
00

07

1.
,+

A
t

9.
t.0

1.
,ti

,5

,t.
06

J

O
.O

¡1
O

8,
8r

2

o.
00

0

o.
o0

04

o.
47

4

60
.9

1 
0.

,t{
t

0.
,l¡

ta

14
.7

0.
98

0

0.
00

00
4

?9
ø

2J
A

r

za
11

o.
o7

2

zo
25

0.
00

1 
6

o.
0,

t€

0.
7J

5

,t.
8s

o.
29

4

r0
.5

't.
Jl

,l

0.
00

03

25
.7

1.
05

1

3.
24

7

0.
00

2

8.
87

J

o.
00

e

0.
00

08

o.
82

5

0.
ss

o

o.
.t7

J

,1
.8

0

1.
90

+

0.
o0

05

20
2

z2
JO

r2
a1

o.
8J

3

o.
00

00
7

0.
t6

0

o.
T

f 
3

zt
a

o.
r,

t5

0.
09

0

1.
9a

8

0.
00

09

z4
0J

,1
.0

8t

7,
O

97

0.
00

0,
+

o.
00

2

o5
a3

0.
80

J

o,
J7

0

2.
16

2-
21

5

2-
54

0

7.
æ

7

0.
99

2

o.
00

06

o.
0

0,
52

0

r,
58

0.
26

0

o.
80

8

'1
,2

æ

g.
2s

o

1.
87

2

10
.0

0

0.
(x

r,
l

o.
19

€

0.
00

10

t-
14

o.
0t

.t

t.8
t

zJ
29

14
2

t.5
,1

9

ó.
60

t

'tJ
.0

5

o.
o2

0

0.
12

0

2.
00

0.
09

J

l-t
4

2-
10

1

4a
8

2-
34

7

J.
17

t

3.
10

9

0.
0

o.
+

9.
t

0.
00

6

0.
1 

2i
t

zo
0

2.
30

3

2-
ø

75

.r
.8

51

á,
*t

7

0.
,1

75

1.
05

0.
1,

15

0.
60

4

f.7
û!

27
27

7.
73

5

7.
A

71

o.
s,

rs

o.
aa

l

1.
G

t

L3
27

z2
æ

7.
S

T
'

7.
s8

7

0.
0,

t1

0.
05

2

0.
ao

l

1o
JO

LA
2t

9.
2.

t€

3.
2:

28

0.
t9

1

0.
J3

2

0.
o5

2

3.
57

5

6.
S

48

o.
tJ

t

o.
,fl

0

0.
3J

2

7.

0.
34

7

7t
5

0.
55

1

o.
,Í5

9.
O

,a
,r

0.
o1

8

0.
55

r

lJ
A

8.
20

9

0.
0

5.
75

6

0.
04

7

8.
S

57

0.
27

A

0.
0



S
T

A
T

lO
N

N
U

M
B

E
R

T
ab

le
 A

- 
l- 

1

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bj

-n
a 

R
iv

er
 B

as
in

 A
ug

us
t 

M
on

th
ly

 M
ea

n 
f'l

-o
w

s

05
0c

o0
4

H
Y

D
R

O
M

E
T

R
IC

S
T

A
T

IO
N

 N
A

M
E

05
08

00
7

0s
08

00
8

P
em

bl
no

 R
lv

or
no

or
 N

6c
ho

05
08

00
1

P
om

bl
no

 R
lv

êr
no

or
 W

In
d¡

aq
ot

oa

05
08

01
 I

I P U
J o'
\

I

P
em

bl
no

 R
lv

or
ne

or
 K

ol
el

do

05
08

02
3

P
om

bl
no

 R
lv

or
nô

or
 L

o 
R

lv
lo

rô

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

05
0A

o0
7

P
om

bl
no

 R
lv

er
no

or
 S

w
on

 L
ok

o

05
08

01
 6

P
€m

bl
no

 R
lv

ø
r

be
lo

w
 C

rw
to

l 
C

ro
ok

05
0A

00
6

B
od

ga
r 

C
r6

ôk
no

or
 C

or
tw

rlo
ht

21

05
0A

01
0

S
no

w
flo

ko
 C

re
ok

no
or

 S
no

w
flo

k6

P
E

R
IO

D
 O

F
R

E
C

O
R

D

19

05
04

01
 2

Lo
ng

n 
óo

r

10

o5
0B

o1
 0

f 
90

3-
1 

98
0

P
em

bl
no

 R
lv

er
ob

ov
o 

Lo
m

o 
Lo

ko

R
lv

or
H

ol
m

flo
ld

15

o5
04

00
8

1 
96

2-
1 

98
0

P
om

bl
no

 R
lv

cr
ob

ov
6 

D
lv

or
sl

on

10

o5
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

C
),

pr
os

s 
C

rð
6k

no
or

 C
lo

or
uo

te
r

t8

G
R

O
S

S
(k

m
1

05
0A

01
 3

1 
96

3-
1 

97
7

P
om

bl
no

 R
lv

er
n6

0r
 K

lll
om

oy

21

05
08

03
1

1 
s6

2-
1 

97
2(

s)

84
74

M
ow

br
oy

 C
re

ok
no

or
 M

ow
br

oy

20

05
08

00
6

E
F

F
E

C
.fì

\€
(k

-1

1 
s6

2-
1 

s8
0(

s)

Lo
ng

 R
lv

or
no

or
 K

lll
om

ev

75
03

21

05
08

02
5

1 
95

9-
1 

98
0

C
)p

ro
ss

 
C

r6
6k

no
or

 S
od

oe

71
32

l9

53
82

os
oB

01
 J

1 
96

1 
-1

 9
80

53
20

C
ry

st
ol

 C
re

ek
no

or
 C

rw
to

l 
C

ltv

14

(n
f/.

)

44
77

m
60

n

E
ro

ls
 d

o

(m
'/¿

ß
m

1

05
04

00
5

1 
s5

e-
1 

s8
0(

s)

49
83

P
llo

t 
C

ro
ek

no
or

 P
llo

t 
M

ou
nd

21

z9
a5

41
 8

8

1 
96

2-
1 

s8
0(

S
)

44
47

M
or

y 
Jo

no
 C

ro
ok

ot
 L

o 
R

lv
ls

re

21

2.
54

33
67

1 
e6

3-
1 

s7
6(

S
)

H
ld

do
n 

ls
lo

nd
 C

ou
lc

e
no

or
 H

on
sb

or
o

m
60

n
el

l. 
do

(m
t/¿

tln
\

15
13

o.
oo

04

19

t.

31
27

1 
95

s-
1 

s8
0(

S
)

B
,a

¿

o.
00

03

10

98
0

z3
5r

27
29

1 
s5

s-
1 

98
0(

s)

0.
00

03

57
6

19

2,
78

J

0.
00

06

73
5

1 
s6

2-
1 

98
0(

S
)

M
d

(m
'/"

)

0.
00

04

20

54
2

1.
O

27

0.
00

06

24
5

1 
e6

7-
1 

e7
6(

S
)

S

(^
'/t

)

0.
o0

06

48
5

18

o.
50

5

0.
00

04

2,
1'

,1

50
5

1 
96

1 
-1

 9
80

0.
o0

02

38
8

18

0.
o7

e

C
v

o.
00

07

1.
87

36
0

1 
ss

e-
1 

s8
0(

s)

zJ
oS

o.
o0

02

35
4

19

0.
15

2

1.
85

o.
00

09

32
8

1 
e6

3-
1 

e8
0(

S
)

C
s

2-
2A

6

0.
00

01

o,
77

3

26
2

0.
18

9

0.
00

04

24
2

t.

19
60

.:-
19

80
(S

)

1.
21

2

7.
1

C
e

0.
69

1

o.
00

03

20
9

't.
18

7

o.
t+

7

0.
00

04

L4
S

1 
96

2-
1 

98
0

24
1

1.
82

1

R

(^
'/n

)

0.
05

9

o.
00

03

14
9

1.
,tO

J

o,
o6

l

0.
00

03

23
0J

O
.,t

 t
o

16
8

20
J,

+

o.
00

03

o.
T

t5

15
4

M
ox

(^
'/,

)

0.
oJ

'l

o,
o7

r

0.
00

05

2-
52

1

o.
o2

7

18
0

0.
06

t.

0.
73

ô

25
1

o.
00

02

14
7

0.
8,

l.]
t

o.
û1

3

M
ox

M
in

o.
00

05

0.
s7

5

o-
oo

7

1J
3

0.
0.

t5

È
.2

8

s.
1J

o.
o0

02

r.
21

8

13
6

0.
08

2

1.
O

t7

88
.0

0.
00

04

0.
06

6

't.

J.
80

M
ex i

JA
3

o.
10

9

6.
27

o.
00

01

2-
t1

8

68
.1

1J
4.

5

o,
o1

2

t.r
2J

2-
A

O
5

0.
00

0J

0.
03

7

4.
17

l0
J

o.
21

6

M
ed ;

0.
00

04

5.
81

t.J
79

01
9

3.
2t

 5

0.
0J

8

ro
57

o.
00

03

o.
6J

l

0.
o,

to

g.
a1

0.
28

6

11
2

0.
00

0J

6.
,ß

t.

25
1

1.
17

7

12
5

0.
01

 I

!.2
51

12
'8

0

o.
00

01

60
.9

0.
o

0.
80

7

J.
5t

0.
28

8

8.
80

0.
00

02

1.

ø
26

56
1

t.8
21

0.
08

5

20
7r

0.
73

.t

0.
00

05

0.
02

2

0.
73

5

z7
s

0.
19

,t

1.
42

0

5.
57

0.
00

01

L1
,+

7

8!
Lt

o.
o2

a

0.
0

0.
00

03

2-
75

7

zo
71

o.
Jr

2

L(
X

)€

o.
11

0

o.
00

08

2-
75

zJ
93

71
1

2-
72

5

21
tìt

0.
00

04

1.
o2

1

0.
(lt

7

o.
65

2

o.
71

0

o.
o2

9

o.
5f

2

1.
68

f

o.
00

04

¿
o,

a€

o.
00

02

3.
47

6

0.
75

t

0.
0

oE
eo

0.
12

5

1.
O

A

o.
45

2

f.a
e5

z8
5A

7.
49

1

o.
0

9.
14

5

0.
00

06
.

o.
42

6

0.
11

7

o.
97

9

'r.
52

J

t.0
7

2,
11

5

3.
95

7

0.
00

05

8.
96

6

0.
00

r

o.
oa

e

o.
71

4

0-
f8

8

L7
8C

0.
0a

5

1.

n1

7.
æ

1

59
7

,t 
J{

).
+

0.
ût

 l

0.
04

2

o.
+

92

0.
0e

7

o.
71

8

1.
32

7

J.
17

9

t 
8,

r

5.
6,

t9

3.
21

0

0.
0

o.
 tr

J

O
,IJ

E

o.
22

0

o.
19

2

1.
67

4.

4.
,la

5

6.
66

,+

tl.
aJ

0.
Jo

l

o.
34

2

o,
tr

l

o.
tt3

J.
JE

8

1.
Z

O

6.
45

4

n.
7ø

o-
27

1

o-
14

7

J.
9J

7

o.
54

2

+
z¿

a

8.
05

0

'1
s.

71

o.
o

0,
74

tt

o.
aa

7

1.
J2

5

7.

19
.8

ô

0.
Jr

1

0.
28

5

57
4

O
.7

,ll
t

20
.7

0

,+
.!4

1

o-
o

0.
9,

1,
+

0.
2a

5

11
.O

5

0.
20

2

o.
,€

,t

0.
9,

r4

t9
.J

7

0.
o

o.
1a

1

t5
.8

0

0.
o

11
.1

7

0.
03

5

17
.2

:2

0.
1ô

9

0.
0



S
T

A
T

IO
N

N
U

M
B

E
R

T
ab

le
 A

-1
2

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bi

na
 R

iv
er

 B
as

in
 S

ep
te

m
be

r 
M

on
th

ly
 M

ea
n 

F
l-o

w
s

05
0c

00
4

H
Y

D
R

O
M

E
-T

R
IC

S
T

A
T

IO
N

 N
A

M
E

o5
0B

o0
7

0s
oB

00
8

P
om

bl
no

 R
lv

cr
no

or
 N

6c
ho

05
08

00
1

P
om

bl
no

 R
lv

sr
no

or
 W

nd
w

ot
ôa

05
08

01
 I

I H u) { I

P
am

bl
no

 R
lv

6r
nô

or
 K

ol
ol

do

o5
08

02
3

P
em

bl
no

 R
lv

or
ne

or
 L

o 
R

lv
le

ra

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

o5
0A

oo
7

P
êm

bl
no

 R
lv

ôr
no

or
 S

w
on

 L
ok

o

05
08

01
 6

P
6m

bl
no

 R
lv

or
bê

lo
w

 C
rw

to
l 

C
rô

ck

05
04

00
6

B
od

go
r 

C
rc

ek
no

or
 C

or
tw

rlo
ht

2t

05
0A

o1
 0

S
no

w
flo

ke
 C

ro
ck

no
or

 S
no

w
flo

ko

P
E

R
IO

D
 O

F
R

E
C

O
R

D

19

05
04

01
 2

Lo
ng

no
or

10

05
08

o1
 0

1 
90

3-
1 

98
0

P
m

bf
no

 R
lv

er
ob

ov
e 

Lo
m

o 
Lo

ke

R
lv

êr
H

ol
m

flo
ld

15

05
0A

o0
8

1 
96

2-
 1

 9
80

P
m

bl
no

 R
lv

ar
ob

ov
o 

D
lv

or
el

on

10

05
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

C
)?

r6
so

 C
ro

€k
no

or
 C

lo
or

uo
ta

r

18

G
R

O
S

S
(k

m
1

05
0A

01
 3

1 
96

3-
l 

97
7

P
€m

bl
no

 R
lv

or
no

or
 K

lll
om

oy

t1

05
08

03
1

1 
s6

2-
1 

s7
2(

s)

84
74

lú
ow

br
oy

 C
ro

ok
no

or
 M

ow
br

oy

20

05
08

o0
6

E
F

F
E

C
lIV

E
(k

m
')

1 
s6

2-
1 

e8
0(

s)

75
03

Lo
ng

 R
lv

or
ne

or
 K

lll
om

ev

21

o5
08

02
5

1 
95

9-
1 

98
0

C
¡9

re
ee

 C
re

ok
ne

or
 S

or
le

e

71
32

19

53
82

05
08

01
 3

m
oo

n

(m
'/¿

\

1 
96

1 
-1

 9
80

53
20

C
r¡

æ
to

l C
re

ok
no

or
 C

rt
€t

ol
 C

ltv

14

44
77

m
oo

n
gr

oe
e 

do

(m
'/a

ftn
')

05
0A

00
5

1 
s5

e-
1 

s8
o(

s)

49
83

P
llo

t 
C

ro
6k

no
or

 P
llo

t 
M

ou
nd

21

23
54

41
88

1 
s6

2-
1 

s8
0(

s)

44
A

7

M
or

y 
Jo

no
 C

rc
ok

ot
 L

o 
R

lv
lo

rs

21

1.
99

5

53
67

1 
s6

3-
1 

e7
6(

S
)

H
ld

do
n 

lo
lo

nd
 C

ou
le

o
no

or
 H

on
gb

or
o

m
oo

n
of

f, 
do

(n
'/c

¡1
<

n)

15
13

0.
00

05

19

23
21

31
27

1 
s5

s-
1 

98
0(

s)

o.
oo

03

98
0

10

27
29

t.e
75

1 
95

9-
1 

s8
0(

S
)

0.
00

05

57
6

19

2-
J7

A

0.
00

04

73
5

1 
s6

2-
1 

98
0(

S
)

M
d

(m
'/o

)

0.
00

04

54
2

20

1.

o.
00

04

o2
g

24
5

1 
s6

7-
 1

 s
76

(s
)

S

(m
'/¿

'l

o.
00

05

48
5

18

o.
2,

t5

1.
75

0.
00

06

50
5

1 
96

1 
-1

 9
80

0.
00

02

38
8

18

o.
o1

7

C
v

o.
00

06

36
0

1.
2e

1 
e5

9-
1 

e8
0(

s)

2.
13

t

0.
00

02

35
4

19

o.
12

2

0.
o0

07

1.
27

32
8

C
s

2-
t@

1 
s6

3-
1 

s8
0(

s)

0.
00

00
5

o.
90

5

26
2

o.
t5

{t

1.
,t0

0.
00

04

28
2

r 
96

o-
1 

e8
o(

s)

3.
3'

t8

C
e

0.
00

02

1.
06

8

20
9

2-
2J

1

0.
08

8

o.
00

03

r.
60

2-
4A

2

28
1

I 
96

2-
1 

98
0

R

(n
t/o

)

o.
00

05

1.
12

7

z3
7J

0.
02

6

14
9

0.
00

02

7.
'a

E

o.
tta

16
8

ze
c2

1.
25

7

o.
00

02

M
ox

(^
'/,

)

2-
41

8

15
4

0.
08

2

6.
50

2

0.
00

02

0.
02

.t

20
66

18
0

9.
6t

1.
25

A

0.
00

01

zæ
1

14
7

0.
02

1

M
ox

M
in

0.
00

04

to
.2

7

o.
00

6

13
3

o.
73

A

9.
10

z8
a3

0.
71

0.
00

02

1J
6

z8
2B

0.
07

9

0.
05

0

o.
00

0J

n,
,to

88
.0

0.
o7

t

M
ox i

1'
,t.

28

e.
n

J.
0t

.l

0.
o0

01

68
.1

9,
1.

J

,t.
1 

0.
t

o.
0t

9

0.
o0

01

o,
o2

1

I 
O

..+
0

10
3

0.
28

1

I 
0.

oa

M
ed i

o.
00

04

t.5
00

11
.5

3+
2

,t.
't 

99

o.
00

7

19
.0

5

0.
00

03

1.
1n

0.
01

5

0.
32

J

I 
O

..t
€

11
2

zJ
o2

10
.2

0.
00

01

5t
J

1.
70

9

O
.O

JJ

19
.9

0

0.
00

01

4.
62

1

60
.9

0,
0

o.
7,

r:
t

tz
T

g

o-
t,t

6

zJ
3€

r0
.5

0.
o0

00
5

r8
75

45
.7

r

0.
0J

2

?.
62

1

4.
æ

2

O
.0

00
/t

0.
00

3

o.
ø

17

3.
J7

0.
11

2

rz
a

o.
00

02

1.
70

2

2A
3

J.
93

1

0.
02

4

't7
.0

0

5.
16

A

0.
o

o.
00

01

o.
23

3

0,
5.

t4

0.
18

tt

3.
57

1.
28

3

0.
o0

02

21
5J

2-
O

7E

18
.0

0

0.
01

5

o.
00

01

t 
4l

I

0.
75

5

o.
05

0

t.

O
.z

JJ

2A

LA

0.
00

04

+
.8

2

12
-4

5.
44

0.
00

05

0.
0

o.
75

s

1.

o.
17

1

t.2
g

,N
,

za
2a

2-
&

ra

rJ
.7

6

22
.6

5

0.
o

0.
00

03

o.
tta

o.
,+

a9

o.
or

7

'l,
,í¡

t

zt
90

s.
20

2

,+
.9

0J

0.
00

05

0.
59

0

o.
00

t

0.
o0

8

o.
5f

5

0.
02

8

o.
,ß

0

,+
.t,

tJ

2-
92

0

10
.5

0

tz
20

o.
o1

2

0.
1'

,t7

o.
oa

,t

o.
7J

C

0.
5t

J

4.
O

78

,t.
3,

rJ

1 
0,

53

o.
o

l'1
.

o.
24

4

o.
o7

'l

o.
22

9

7l

0.
75

A

2-
51

1

4.
4t

4

5.
60

0

20
.8

0

o-
17

1

o.
56

3

0.
10

8

o.
2:

2A

22
2!

3.
16

1

te
-5

9

ã.
50

o.
15

1

0.
t3

7

0.
50

J

T
S

JO

r9
tf

&
85

4

t1
.a

0

o.
0

o.
t2

6

0.
5:

t7

+
.J

ie

17
.7

1

10
.6

2

0.
03

6

0.
3:

þ

.!_
_

0,
12

6

20
.6

1

o.
si

l

o.
o

to
e

0.
43

{t

1ô
-0

0

o.
+

71

o.
ta

5

o.
Jr

l

r&
28

0.
0

o.
17

+

0.
,É

o

0.
0

0.
68

:l

0.
03

{)

t6
.T

t

cJ
o9

0.
0



S
T

A
T

IO
N

N
U

M
B

E
R

T
ab

l-e
 A

- 
13

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bi

na
 R

iv
er

 B
as

in
 O

ct
ob

er
 M

on
th

ly
 M

ea
n 

F
l_

ow
s

05
0c

00
4

H
Y

D
R

O
M

E
'IR

IC
S

T
A

T
ìO

N
 N

A
M

E

05
08

00
7

05
08

00
8

P
em

bl
no

 R
lv

cr
n6

or
 N

ec
ho

05
08

o0
1

P
om

bl
no

 R
lv

or
næ

r 
W

nd
w

ot
os

05
08

01
 I

I H (, co I

P
om

bl
no

 R
lv

or
ns

or
 K

ol
ol

do

o5
08

02
3

P
om

bf
no

 R
lv

6r
no

or
 L

o 
R

lv
lo

ro

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 IN

S
A

M
P

LE

os
oA

00
7

P
em

bl
no

 R
lv

er
no

or
 S

w
on

 L
ok

€

05
08

01
 6

P
€m

bl
no

 R
lv

êr
bo

lo
w

 C
rw

to
l 

C
ra

ok

o5
0A

00
6

B
od

ga
r 

C
ro

ak
no

or
 C

or
tw

rlq
ht

21

05
04

01
0

S
no

w
flo

ke
 C

ro
ok

n6
or

 S
no

w
flo

kô

P
E

R
IO

D
 O

F
R

E
C

O
R

D

19

05
0A

01
 2

Lo
ng

 R
h¡

or
n6

or
 H

ol
m

fl6
ld

10

05
08

01
 0

1 
90

3-
1 

98
0

P
em

bl
no

 R
lv

or
ob

ov
o 

Lo
m

s 
Lo

ke

15

05
0A

00
8

1 
96

2-
1 

98
0

P
om

bl
no

 R
lv

or
ob

ov
o 

ol
vo

ro
lo

n

10

05
08

02
1

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

C
),

pr
os

s 
C

r€
ok

nð
or

 C
lo

om
ot

ar

18

G
R

O
S

S
(k

m
1

05
04

01
 J

1 
96

3-
1 

97
7

P
m

bf
no

 R
lw

r
na

or
 K

lll
om

av

21

0s
oB

03
1

r 
s6

2-
1 

s7
2(

S
)

84
74

M
ow

br
oy

 C
re

6k
no

or
 M

ow
br

oy

20

05
08

00
6

E
F

F
E

C
T

V
E

(k
m

)

r 
s6

2-
1 

s8
0(

S
)

75
03

Lo
ng

 R
lv

or
no

or
 K

lll
ôm

ôv

21

05
08

02
5

1 
95

9-
1 

98
0

C
¡p

ro
ea

 C
ro

ok
no

or
 S

or
lo

e

7'
t3

2

19

53
82

05
08

01
 3

1 
96

1 
-1

 9
80

C
ry

st
ol

 C
ro

ek
no

or
 C

r\
¡s

to
l 

C
ltv

53
20

14

(m
'/o

)

05
0A

o0
5

44
77

m
oo

n
gr

os
s 

do

(m
'/a

¡l.
n)

1 
s5

e-
1 

s8
0(

s)

49
83

P
llo

t 
C

ro
sk

no
or

 P
Ilo

t 
M

ou
nd

21

r.
87

5

41
 8

8

1 
s6

2-
1 

s8
o(

S
)

M
or

y 
Jo

no
 C

ro
ok

ot
 L

o 
R

lv
lo

ra

44
47

21

1.
5t

8

33
67

1 
s6

3-
1 

97
6(

s)

H
ld

do
n 

le
lo

nd
 C

ou
le

o
no

or
 H

on
gb

or
o

m
60

n
ef

f. 
do

(n
'/o

¡k
n)

15
13

0.
00

02

19

1.
85

0

31
27

1 
95

s-
1 

s8
0(

s)

0.
00

02

10

98
0

27
29

'1
..+

65

1 
s5

s-
1 

s8
0(

s)

0.
00

03

19

57
6

1,
52

2

0.
00

03

73
5

1 
s6

2-
1 

s8
0(

s)

M
d

ki
/o

)

0.
00

03

20

54
2

o.
$7

0.
00

0J

24
5

1 
e6

7-
1 

s7
6(

s)

S

(m
'/ø

)

0.
00

0J

18

48
5

0.
09

2

0.
00

04

1.
2e

50
5

1 
96

1 
-1

 9
80

0.
00

01

't 
8

38
8

0.
0,

+
1

C
v

0.
00

04

1-
m

1 
e5

9-
1 

s8
0(

S
)

36
0

21
84

0.
00

01

19

35
4

0.
f0

2

0.
00

05

o.
43

7

32
A

1 
e6

3-
1 

e8
0(

s)

C
s

zo
ge

1.
16

7

0.
00

00
4

26
2

0.
f0

5

0.
00

02

o,
71

4

28
2

1 
s6

0-
1 

s8
0(

s)

3.
,tl

1

C
e

1,
34

S

0.
00

02

20
9

J.
58

2

0.
t1

0

0.
00

01

o.
7a

+

'1
96

2-
19

80

24
1

2,
31

4

1.

R

(^
'/n

)

0.
00

02

14
9

3.
6t

J

6,
tlt

o.
00

2

t5
.9

0

0.
09

0

0.
00

02

16
8

23
17

t.5
59

0.
00

02

15
4

M
ox

(m
'/s

)

2-
97

7

o,
oe

7

1 
6.

14

0.
01

9

0.
00

02

18
0

r.
52

0

t0
.5

4

1.

0.
0

14
7

52
.j2

3.
29

0

o.
o1

 5

M
ox

M
ln

'1
2-

12

0.
00

03

0.
00

2

15
3

0.
15

¡t

9,
64

10
'7

2-
17

3

0.
00

03

13
6

2-
71

3

o,
oa

l

88
.0

0.
00

0J

'1
J.

80

o.
06

1

IL
J0

o.
08

2

M
-q

ã i

1.
87

1

g.
ñ

o.
00

01

68
.1

J.
87

,t

o.
o(

lt

8e
.2

10
.9

3

0.
0

0.
05

1

10
3

o.
12

A

9.
59

0.
00

04

M
Ê

d i

I 
1.

,t

zæ
2

0.
0

ls
7

2J
,J

2

0.
00

03
,

5.
70

4

17
.5

0

o.
03

2

11
2

7.
a5

o.
t3

2

0.
o

9,
17

1.
23

1

16
2ø

ro
,+

9

o.
oo

a

60
.9

o.
o0

01

6,
3S

5

7,
1W

0.
0

o6
88

1.
91

o.
15

0

7.
A

7

o.
o

1,
26

2

't2
7

0.
0f

7

1.
42

6

0.
00

05

6.
1ô

l

0.
00

5

t1
.9

1

o,
7r

a

0.
6t

6

o.
oo

7

0.
00

01

4.
95

,l.
,+

,t€

J9
,t

'1
.5

J€

0.
00

J

6.
J7

A

0.
0

o.
o

i+
.5

.1
.:t

o.
5,

{.
r

o.
21

J

o.
J1

7

0.
00

01

o.
6'

t6

1.
O

4,
+

55
0

1.
69

0

o-
0:

t2

0.
0

3.
17

0

z6
5A

o.
o,

+
J

0.
,1

0€

0.
50

2

0.
00

00
4

2-
19

1

o,
J1

7

1.
51

0

0.
0

0.
00

01

,(
.0

.{
0

to
.8

3

0.
3t

5

0,
,+

83

0.
0a

0

20
't0

0.
,t9

6

J.
2

0.
00

02

0.
0

0.
68

9

u,
50

0.
10

5

o.
oo

3

o.
55

0

r.
05

0

0.
4ô

,t

za
12

0.
00

00
5

8.
.t6

J

1J
.2

0

o.
o

0.
20

8

o.
o3

t

0.
0

3.
0J

7

0.
55

0

o.
71

7

.a
A

,t

4.
84

3

o.
m

5

7.
e5

f

0.
0J

7

0.
92

J

o.
oã

0.
oJ

t

o.
o

29
10

o.
o

1.
12

+

4.
4f

5

0.
59

A

o.
t.a

6

o.
ol

7

o.
s2

J

L7
t3

o.
o

0.
oo

o

,r
.6

:H

0.
00

8

0.
2e

ô

0.
21

1

0.
t.4

6

t.0
07

2-
80

2

o.
0

l&
80

o.
o'

lt

o.
24

7

o.
24

27
2A

1,
8t

.+

9.
17

1

&
12

8

(I
o

0.
0

o.
ût

l

3.
2q

¡

e.
æ

2

1.

o.
o7

5

0.
05

1

7A
O

o.
0

z9
e8

1L
12

o.
o

0.
o8

8

o,
07

5

1t
.@

0.
0J

9

0.
05

0

o.
os

8

o.
o

0.
0

o,
o3

{,

9.
57

1

0.
0

5.
C

87

o.
o

t0
.9

ô

o.
T

tr
it

0.
0



S
T

A
T

O
N

N
U

M
B

E
R

T
ab

le
 A

-1
4

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bi

na
 R

iv
er

 B
as

in
 N

ov
em

be
r 

M
on

th
ly

 M
ea

n 
F

lo
w

s

o5
0c

oo
4

H
Y

D
R

O
M

E
T

R
IC

S
T

A
ÏO

N
 N

A
M

E

05
08

00
7

05
08

00
8

P
sm

bl
no

 R
lv

or
na

or
 N

6c
ho

05
08

00
1

P
am

bl
no

 R
lv

r
ne

or
 W

nd
w

ot
os

05
08

02
3

P
em

bl
no

 R
lv

or
no

ar
 K

ol
sl

do

05
0A

00
7

I F (¡
) \o I

P
em

bl
no

 R
lv

or
ne

or
 L

o 
R

lv
lo

ro

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 

IN
S

A
M

P
LE

05
08

01
 6

P
em

bl
no

 R
lv

or
bo

lo
w

 C
ry

et
ol

 C
ro

ok

05
0A

o0
5

B
od

go
r 

C
ro

ok
nô

or
 C

dr
lw

rld
ht

S
no

M
lo

ke
 

C
ro

ok
ls

or
 S

no
w

llo
kê

21

P
E

R
IO

D
 O

F
R

E
C

O
R

O

H
ld

dm
 l

do
nd

 C
oü

ló
e

ns
or

 H
on

ab
or

o

19 10

I 
90

J-
1 

98
0

15

I 
96

2-
1 

98
0

18

D
R

A
IN

A
G

E
 A

R
E

A

1 
95

7-
1 

96
9

S
T

A
T

IO
N

N
U

M
B

E
R

t0

G
R

O
S

S
(k

rn
t)

1 
96

3-
1 

97
7

T
ab

l-e
 A

- 
15

S
am

pl
e 

S
ta

tis
tic

s 
fo

r 
P

em
bi

na
 R

iv
er

 B
as

in
 D

ec
em

be
r 

M
on

th
ly

 M
ea

n 
F

lo
w

s

20

1 
e6

2-
1 

e8
0(

S
)

44
74

19

05
0c

00
4

E
F

F
E

C
T

\E
(k

m
1

1 
95

9-
1 

98
0

75
03

H
Y

Ð
R

O
M

E
ÏR

IC
S

T
A

T
IO

N
 N

A
M

E

05
08

00
7

1 
96

1 
-1

 9
80

71
32

05
08

00
8

53
82

P
ôm

bl
no

 R
lv

or
næ

r 
N

oc
ho

1 
96

2-
1 

98
0

5J
20

05
08

00
1

44
77

(¡
¡f

/¿
)

m
60

a

€r
ol

a 
do

(n
'/o

¡ln
f)

P
cm

bl
no

 R
lv

cr
ne

or
 W

nd
yo

ot
ee

44
87

1.
09

6

05
08

02
3

41
88

P
em

bl
no

 R
lv

or
no

or
 K

ol
ol

do

15
13

0.
a5

1

05
0A

00
7

33
67

P
om

bl
no

 R
lw

r
no

or
 L

o 
R

lv
lo

ro

In
eo

n
of

l, 
do

(m
'/c

lÉ
r|

)

Y
E

A
R

S
 O

F
R

E
C

O
R

D
 

IN
S

A
M

P
LE

o.
00

01

98
0

0.
47

6

27
29

05
08

01
 6

P
em

bl
no

 R
lv

sr
be

lo
w

 C
rw

to
l 

C
re

ak

0.
00

01

68
.1

0.
7E

0

o5
0A

00
5

73
5

B
od

go
r 

C
ro

ck
no

or
 C

or
tw

rlo
ht

0.

o.
f 

6.
t

00
01

0.
00

02

24
5

S
no

w
fo

ka
 C

rc
ck

n6
or

 S
no

w
flo

ko

M
d

(¡
rl/

a)

21

0.
00

01

o.
o5

7

o.
00

02

60
.9

P
E

R
IO

D
 O

F
R

E
C

O
R

D

H
ld

do
n 

l6
lo

nd
 C

ou
ls

€
no

or
 H

on
eb

ø
o

19

s
(r

f/s
)

0.
00

00
4

0.
0:

¿
1

o.
lta

0.
o0

02

10

o.
oo

oo
4

oo
or

C
v

1 
90

3-
1 

98
0

0.
00

02

0.
50

4

r.
13

t

15

0.
00

00
2

0.
o0

01

0.
3J

r

I 
96

2-
1 

98
0

C
a

1.
06

6

18

'1
.o

35

0.
00

00
1

D
R

A
IN

A
G

E
 A

R
E

A

0.
30

2

0.
oo

01

I 
95

7-
1 

96
9

1,
,+

20

C
o

10

1.
25

2

G
R

O
S

S
(k

m
1

3.
O

3¡
l

0.
00

01

1 
96

3-
1 

97
7

0.
05

5

o.
9a

a

R

(t
tf/

¿
\

20

1.
62

1

3.
1,

+
1

0.
o0

00
2

1 
96

2-
 1

 9
80

(S
)

o.
01

5

t2
-2

7

44
74

o.
20

7

19

1,
26

7

M
ox

(r
t/.

)

2-
72

J

E
T

F
E

C
T

IE
(k

m
l

1J
-1

0

o@
r

1 
95

9-
1 

98
0

75
03

5.
J2

o.
o€

5

1,
24

2

2-
70

7

o0

M
-o

x
M

ln

to
.7

0

1 
96

1 
-1

 9
80

71
32

1.
74

o.
o1

2

r.
66

3

5.
4'

l

55
82

t.,
t0

0

10
.1

7

1 
99

2-
1 

98
0

53
20

¡d
!.8 i

0.
00

{

1,
73

¿
t.8

J

(,
rf

/"
)

1.
09

2

44
77

ø
2_

O

z1
2C

m
60

n
gr

oo
o 

do

(n
f/.

^i
f)

2-
33

7

44
87

J.
97

4.
75

ìd
gc x

IJ
€A

o.
11

1

72
1

41
88

Ll
84

,k
9,

lO

8.
57

0

0,
70

0

15
13

.r
.o

o

33
67

0.
33

E

J'
7n

5.
88

2

5.
0ã

oñ
o

o.
2e

5

0.
o0

00
5

m
m

n
of

f. 
do

(d
/o

¡ln
f)

o.
70

1

98
0

O
.s

,to

27
29

12
1

5.
,r

25

t6
.4

1

o6
e8

o.
lit

g

0.
00

00
5

68
.1

0.
29

5

,h

0.
28

A

73
5

5.
't2

8

ùJ
78

ûû
t 

5

0.
00

00
5

cl
.t€

0.
1,

r.
tt

0.
o0

00
8

24
5

4.
24

2

M
d

(r
f/e

)

oE
oa

0.
00

00
5

o,
ø

6

o.
or

2

60
.9

0.
00

00
8

5.
1r

J

c$
lô

S

(r
t/o

l

0.
00

00
3

o.
oo

t

o.
21

0

0.
00

00
6

7.
O

.lg

aL
2!

¡t

0.
00

00
1

o.
dl

o1

C
v

0,
00

00
9

o.
25

1

1+
25

0.
J9

8

o,
o:

t,r

0.
0

0.
00

00
5

0.
oe

J

C
s

0.
37

6

c0

0.
89

1

o.
o

0.
00

00
2

o,
17

6

0,
.t¡

ts

C
e

1.
0õ

o

1.

0.
0

{4
5

0.
02

5

o.
Jn

o

R

(t
¡f

/o
)

1.
27

9

1.
2J

5

zs
52

0.
o

0.
00

8

o.
26

7

't.
2r

6

M
ox

(r
¡f

/o
)

1.
J4

6

o.
0

1.
3¡

t2

l-5
7

o.
01

t

1.
8€

,1

t.6
€J

J.
3A

7

M
ox

M
ln

0.
0

1.
27

0.
00

J

'r.
o.

to

f.6
0

LT
A

A

J.
88

2

o.
oo

o2

M
ox ï

't-

27
12

1.
28

39
.3

'1
.o

89

0.
67

5

L

M
ed ï

zl

+
t6

0

r,
3J

21
J

2A
S

7

3.
A

m

t.8
93

1.
O

0

t.
25

d5
ó9

J.
57

0

8.
79

0

o.
õa

o

o.
o:

t7

1.
O

O

õ&
6

3.
82

5

20
.e

1

o.
ão

0.
o1

2

0.
0:

t7

I 
oa

o

1.
27

1

0.
2c

6

0.
fx

tt

o.
o1

2

7,

G
ttS

39
3

o.
oo

f

!.o
J:

t

0.
r7

r

r0
.0

0

o8
t6

tc
-t

xl

oo qo



Z6
GOu-'
f'"

o

:

ÊNNURL HEBNS

o 
06 0

Annual- Mean Flows
Sample Mean versus Gross Drainage Area

G8O5S DBÊINÊ6I Ê8EÊ

23'¡

d

o

o

z
G

oo
H.ü

Figure A-1

RNNUÊL HEÊN5

IN 50. KM

Annua1 Mean Flows
Sample Median versus Gross Drainage Area

140

Og
oc¡, ô

ú â åú
GBO55 ORR]NRGE ÊREÊ IN 50. KI',1.

Figure A-2



ÂNNUÊL MEÊN5

;
z

cn*ñ
U
o
O6
ET
cj
o
z
c

0t
GBOSS OBÊ I NRGE

Annual Mean Flows
Sample Standard Deviation
versus Gross DrAinage Area

¡¡

Figure A-3

RRER I N

ÊNNUSL HEßNS

50.

za
F
GO

G

L
Ðo

'.;

U
o

c;

Kt'1.

3 q 56 ióö\d
GRO55

Annual- Mean Pl-ows
Sample Coefficient of Variation

versus Gross Drainage Area

14r

Figure A-4



NNNURL I.IEÊNS

U_
E
Ø

L
ÐÕ

'.;

U
O

:

I
GBOSS

Annual- Mean Fl_ows
Sample Coefficient of Skew
versus Gross Drainage Area

23
t]BÊ I NÊGE

Figure A-5

rl

ÊBEÊ IN SO. KH.

;

";

U
L

U
Ð

Ì

ENNUßL MEÊN5

GSOSS t]RÊINF6E ÊBER IN 50. KH.

Figure A-6

Annual Mean Fl_ows
SampJ-e Coefficient of Excess
versus Gross Drainage Area

-r42-



RNNURL MEHNS

-u6z
G
c

s 6 78910 2

o os oô ô

Annuaf Mean Fl-ows
SampÌe Range versus Gross Drainage Area

GROSS t)RR I NBGE

c 56

Figure A-7

BREÊ I N

ÊNNUÊL HEÊN5

8'9

50. KM.

o

5
f

=c
=

Annual_ Mean Fl_ows
Sample Maxi-mum versus Gross Drainage Area

]-43

OBOSS DBSINÊGE FBEß IN

Figure A-B

q I
s0. Kr',! .



2

a:
oo

o
0:

@

z
dJ

ro

ÊNNUÊL HEÊNS

3 q 55

Annual- Mean F-l-ows
Sample Yiel-d (Mean/Gross Drainage Area)

versus Gross Draj-nage Area

o¡ å å ú ËÉróöior
GBO55 OßÊINÊGE REEP IN 50. K11.

F j-gure A- 9

5 5 7 8S

z
E

a
z

GBOSS DBÊ i NFGT ÊßEÊ I N 50. XM.

Figure A-10

Annual Mean Fl-ows
SampIe Maximum/Minimum

versus Gross Drainage Area

-L44-



;

;

.;

2o
co
H.;

G
to

SNNUÊL MEÊNS

8S

Figure À-11

Annual- Mean Flows
Sample Maximum/Mean

versus Gross Drainage Area

G8O5S

23
OßÊ I NRGT

{ 56
RBEB I N

z
GO
U?
Etu

@

oo

O

ZN
cj

É
U
E

flNNURL MEBNS

50. K¡1.

lr

Figure A-12

Annual Mean Flows
Sample Median/Mean versus Gross Drainage Area

145

éld ¿

GBO55 t]BRINAGI ß8EÊ IN SO.

q 5 5 78 d
K i\,1 .

q 5 6 78e



1

Zo
@o

H",;

RNNUqL HFgNS

Figure A-13

Annual- Mean Fl-ows
Sample Mean versus Effective Drainage Area

o o oÓ o o

È l0'
EFFECTIVE OBßINÊGE RBEÊ IN SO. KH.

o

ANNUNL HEÊNS

o

zc
Oo

Eutt;

o

:

Fi-gure A- 14

Annual- Mean Flows
Sample Median versus Effective Drainage Area

1,46 -

ô¡ g "ooo
ôÂ0G9

EFFECT I VE OßÊ I NsGE HBER
0t 't 5 67 9

I N SO. KI4.



RNNURL MEÊNS

"iz
Ð

co

U
O

O9
GF
c
O-
z
G

Figure A-15

Annual- Mean Flows
Sample Standard Deviation

versus Effective Drainage Area

EFFECTIVE OBRINRGE ßBEÊ IN SO. KH.

RNNUÊL HEßNS

?
z
O
F
GO

€d
c

I
Ðo

uou
U
O

TFFECÏIVE DRSINßGE ÊBEÊ

SampJ-e
versus

Figure A-16

Annual- Mean Flows
Coefficient of Variation
Effective Drainage Area

147

5 67 sid
IN 50. (M



ÊNNUAL HTRNS

3N
U-
Y
Ø

L
Ðo

L'ciu
U
O

c; $ u 5 67

3 oo

Figure A-17

Annual- Mean Flows
Sample Coeffj-cient of Skew

versus Effective Drainage Àrea

gtrr 2 3 q

EFFTC T I VT OBß I NRGE OREÊ

ÊNNUÊL HERNS

"i

Oô;
x
U

u
Oo

L

Ð
Qo

SO, KH.

Figure A-18

Annual Mean Flows
Sample Coefficient of Excess

versus Effective Drainage Area

148

EFFECÏIVE
c

D8Ê I NRçE

5 6 769
ÊBER IH 50.

3 c 5 67



o

gNNUßL MERNS

o

o

Figure A-19

Annuaf Mean Flows
Sample Range versus Effective Drainage Area

- o cô o

ôoaoooo

EFFECTIVE DBRINNGE ßREß IN
0' u 5 67

HNNURL MIÊNS

o

I.

r.-
xc-

ô

g¡z
s0. K14.

Figure A-20

Annual Mean Fl-ows
Sample Maximum versus Effective Drainage Area

149

jls

Q o oô
ooêôoooo

EFFECTIVE ORRINRGT ßBEß
3rt

IN 50. K14.



¡

j

RNNUÊL HEflNS

G

O

-
U.

o
o
o:

o
z@
CYUo
z

Figure A-21

Annual Mean Flows
Sample Yield (Mean/Effective Drainage Area)

versus Effective Drainage Area

EFFECTIVE DRRINRGE
0'

IN

z
z

4z

Figure A-22

Annual Mean Flows
Sample Maximum/Minimum

versus Effective Drainage Area

150

EFFECTIVT OBBINqGT FBTÊ IN 50. K¡'I.



j',
I

_t
il

I

-t
rl

RNNUSL HEflNS

Z6
G@

HÑ

cto

ô;

I

ol
*io' s 6 t80io'z

Figure A-23

Annual- Mean Flows
Sample Maximum/Mean

versus Effective Drainage Area

EFFECT I VÉ

23r.t
DAR i NRGT

5 67
ÊñER Ì N

FNNUHL HERNS

z
GO

o
oo

o
ZNcj
o
U
E

io'
s0. (M.

3 rt 5 67

Figure A-24

Annual- Mean Flows
Sample Median/Mean

versus Effective Drainage Area

151

EFFECI I VT DBÊ i NÊGT Êñi9
2 3 'r 95 d

50. KH.



OA I LY PTßK5

Fi-gure A-25

Daily Mean Peak Flows
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Daily Mean Peak Flows
SampJ-e Maximum/Mean versus Gross Drainage Area
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versus Effective Drainage Area
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APPENDIX B
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L64



Example Output from SAS Regression
Developed using sample statlstics Based on Annual Mean Flows
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Table B-1 ( cont'd)
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Tabl-e B- 1 ( cont 'd )
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Table B-2

Stations Whose Sample Statistics Fell Outside ofthe Prediction 95å Confidence Interval

Monthly Mean
Flow Data

March

April

May

June

July

August

September

October

Central Tendency

Mean
(x)

0508016

050801-6

050A01_3

050.A'01-3

0508006

0508021_

050B01-o

Median
(Md )

-l_

050801-6

050.A.01_3

05040i_3
0508006

-1

-l_

05080161

o50Bot 61

Standard
Deviation

(s)

1 rhe median data set for these months included stationswhose sample rnedians r¡rere zero and hence were notincluded in the regional logorithmic regression analysis.

Dispersion

o50Bo 16

0508016

0508013
0508031_

0508006

050802L

0508016

050801-0

Range
(R)

05080 16

050801_6

050803 i.

0508006

05080L6
050802 t_

05080L6

0508010

Maximum
(Mx)

05080 1 6

050803l-

0508006

050801_6
0 50802 r-

0508016

050801_0
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Table B-3

Statiqns Whose Sample Statistics
Have a lstuaentized Residuall > l-.5

Monthly Mean
Flor¡ Data

March

April

May

Central- Tendency

Mean
(x)

050801-6

050.A0L3
050801_6

0504013
050B006
o50Bot-o
050803L

050401_3
0508006

050Aol_3
050B006

0508016
050802 t-

050A005
0508006
05080r-6

050Aol-3
050801-0
osoB031_

MedÍan
(Md)

June

o50BoL3 1
0508021-

050A01-3
050B016

o50A0t_3
0508006
0508010

05040L3
0508006

osoAol-31
0508010
050B01_6

050A0071
050801_6

o50Aoo51
0508006
0508016

o50Bol-61

Standard
Deviation

(s)

July

Dispersion

0508016

0508016

0504013
0508006
0508010
0508031_

050B01_3
0508031_

o50Bo06

August

Range
(R)

September

050Bol_6
o50Bo25

050801-6

0508008
o50Bot_0

Maximum
(Mx)

October

1 the median data set for these months included stations
whose sample medians rÀrere zero and hence h/ere not
included in the regional logorithmic regression analysis.

050801-6
050802 5

0508016

050B008
o50Bo1_o

050Boo8
o50B0L3
0508031_

0508006

050801_3
050801-6
0508021"

050801_3
05080L6

0504008
0508010
0508031_

0508008
050Bol-3

0508006

o50Bo13
050801_6
050802 1

0504005
05080L6

o50Ao08
o50Bol-0
osoBo31_

050801"3
050801_6
050802l_

050Â'00s
0508016

050Aoo8
0508010
050803 L
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Table B-4

Stations Whose Sarnple Statistics
Have a Cookrs D Val-ue > 0. 1-64

Monthly Mean
FIow Data

March

^A,pri1

May

June

Central Tendency

Mean
(x)

050801-6

05080L6

05040L3
o50Boo6

050.A013
0508006

050Boo6

050801-9

Median
(Md)

o50Bo13 1

050802l_

050801_6
050c004

050401_3
0508006

050Aor-3
0508006

050Àol-31

050Bol-31
050801_6
0508025

050801_3

July

August

Standard
Deviation

(s)

Dispersion

05080L6

050801_6

0508031-

0508008
050801_3
050803 t_

050A005
0508006

050A'005
0508021-

0504005
050801_6

05080i_0
0508031_

Septernber

Range
(R)

October

o50BoL6

0508016

0508008
050c004

0508008
050801_3
050803 1

o50Ao05
0508006

0504005
050802 L

0soAo05
o50B0t_6

o50B0l_0
o50Bo31_

l- The median data set for these months included stations
whose sample medians were zero and hence were not
included in the regional logorithmíc regression analysis.

Maximum
(Mx)

050^A'005
0508006

05080r-0
050803 t_

050801_6

0508016

0508008
050c004

0508008
050801_3
050803l-

050.A'005
0508006

050A'005
050802l_

050A005
050801_6

0508010
050803 t_

o50Aot-31
050B01-6
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APPET{DIX C

Correlation Analysis for
Pernbina River Basin

Streamflow Data

L7r
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McQuitty Cluster Analysis
Pearson Correlation Coefficients
Based on Daily Mean peak Flows
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McQuitty Cluster Analysis
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McQuitty Cluster Analysis
Pearson Correlation Coefficients

Based on March Mean Flows
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Spearman Correlation Coefficients

Based on March Mean Flows
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McQuitty Cluster Analysis
Pearson Correlation Coefficients

Based on September Mean Flows
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McQuitty Cluster Analysis
Spearman Correlation Coefficients

Based on Septembe Mean Flows

First Group

/"BO1-OBOI-3\-- -.-8025 ---AOO5=----"¿8021
B o 0 g *c o o 4.----'--80 1 9 

- 
B o o 7 

/ -go o t1*so z3 

- 
B o 3 1

Second Group

Aor_3 - -A006 1333r*8016

Thírd Group

A0t-0 

-Aol_2.+A008

Figure C-17

McQuitty C1ust.er Analysis
Pearson Correlation Coefficients

Based on October Mean Flows
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McQuitty Cluster Analysis
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Based on October Mean Fl-ows
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