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STUDIES IN HYDROMETRIC NETWORK PLANNING AND DATA ANALYSIS IN B.C.

The Objective

" The purpose éf the Planning and Studies Section is to present data in

the form required by.the ﬁata User, i.e. to provide Hydrélogic infor— .
mation. With the growing awareness of the value of British Columbia's
water‘resourges, the Data ﬁseré - designers, planners, and impact ap-
praiéors of water control'and:water related faéilities - are demandiﬁg -
greater sérvice from the wétef Survey‘of Canada in providiné hydrélogic
information of a}kind-and:véréatilit&lbeyond énything now beiqg gathefed.
These demands, being made at a time when funding of the data collection
program is being cﬁrtailed, have necessitatedma-redirection and streng-
thening of our efforts into studies which supplemenf fheAtraditional
field program. |

The-Planning and Studies Section is méeting these growing démands'by
utiliZingbthé expertise unique to .the Section, that is'anvawarenesétof'
the acéuracy limitations of the raw.data and hence its relative useful—
néss for analysis and a knowledge of what kind of data the Users want.

Specifically} our efforts are directed into three functions:

1. . ANALYSIS -.the extension of the usefulness of the basic-data base - -

through synthesis, §imulation, interpolation and correlation studies,
2. NETWORK PLANNING - the improvemeﬁt of the usable data base through a

systematic assessment and design of the data collection»system,' :

. 3. ‘PUBLICATION - the dissemination of specific data to potential users

and to make known the kinds of data which are available.
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2. The Analysis of Basic Data

The primary purpose of the studies under this heading is to extend
the usefulness of hydrometrié-stations, in pafticular the usefulness
of project—driented_stétions."Project—oriented stations are those
that were estéblished for a épecific purpoée;'e.é..réquiring point
data at a sﬁecified lécation on the stream. Part of the‘analysis
éfforéé is'éénCéﬁtrated in assessing the value of the streamflow
data iq.obtainiﬁg information on a day-to-day basis for the manage-
ment'of Qater;:for the assesément of current wafer aﬁailabiiity, for‘
the coﬂtrol of water quality,'for the‘forecast of flowAéxtremes, and
for the surveillance necesséry for 1egél reqﬁireménts.‘lThése studies
are divided into four groﬁps:

2.1. Evaluation of Existing Data

2.2 Improvements in the Collection of Hydrometric Data

2.3. Extension of Records, and

2.4, Analysis of Extreme Events

T 2.1, Evalua%ion of Existing Data

Streamflow information may be ob;ained directly from a streamflow record
or may be derived from base data by analytical methods. . iﬁ either;case%
accuracyngoalsAforwrhefinformétion;obtained are needed to test the

adequacy of the information..'The accufacy of étreamflow charactefistics

corresponding to stipulated lengths of record can be determined. A

- streamflow characteristic is anything that describes the flow to be

expected'at a'given site. The 50-year peak flow, 20-year low flow,

1mean"annual-f16w,-mean monthly flow,--and the standardvdeviation of_the
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annual and ﬁonthly flows are examples of sucﬁ characteristiés.

There is a need to evaluate the adequacy of data being gathered in

.Britiéh Columbia by computing the accuracies of streamflow charac-

teristics being obtéined. This is particularly important at}éroject—
, :

oriented stations. The analysis will aid the User in determining how

long a station should be operated.

2.2. Improvements in the'Cpllection of Hydrometric Data

An awareness-pf the accuracy limitations of the raw data leads to studies
-qf;methods“for improving.the.collection of hydrometric data. 'in British-
Cblumbié inaccessibility of terrain is one of the major difficulties to

be overcome in the operation and maintenance of many stations in our net-

... ..work. Some.of:the-stations;are—locatedAon reaches where no -cross—-section- -

can be found that is suitable for taking discharge measurements using

standard direct techniques.

2.3. Extensipn of Records

In British Columbia the diversity of climatic and physiographic’con—i
ditions causes:large variations in runoff, whigh make it necessary to
ingrease the amounf of data thaf mﬁst be collectédf Unfortunately,
existing streamflow records at many sites are not sufficiently extensive
tQ'éllOW'thQ Data User to evaluate adequately.proposed water system de~
signs. "The extenéion.of’records caﬁ be aéébm;lishe& by correlation
with the flow of a nearby long—term'baée-sfation, Ey correlation with
precipitation records in the dfainage basin, by sequential generation
of hydrologic information (synthesis), by.interpoiation‘ﬁetweeh géﬁged'
points‘on the same stream channel, or by regression methods Betweeﬁ;two
or more statiohs in a homogeneoﬁs region. |

3.
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2.4. Analysis of Extreme Events

Data collectién is most difficult during times of flood flow. 1In
British Columbia adverse ﬁeather conditiéns and problems of logistics
often contribute to the failure in obtaining a.direct measufement.
The analysis of events surrounding a fléod has a two-fold purpose:
to make;a reasonable estimate of the magnitude of flood peak and»to
analyze the antecedent conditions causing the flood. Knowledge of
these will lead the designer and planner of flood control works to
better estimates of a design flood.

It is tﬁe responsibility of the Water Survey of Canada to report on
extreme flood occurrences and to disséminate the information to the

Data User by publishing the reports.



Hydrometric Network Planning

The purpose of the studies in this group is the systematic and
continual analysis, assessment and design of the>data collection
program in the direction of more efficiént produc;ion of the
information required by the Data Users. In hydrometric network .
planning our concern is with the controlled and systematic develop-
ment of a‘water resources gauging system through the concept of
regionalizing the relationship between hydrograph characteriétics
éndAphysiographié and climétic parameters, |

While studies mentioned in the_previous section are usually of short
duration, stﬁdies concerne& with hydrometric network planning tend to
be of an evolving nature, since the network is a dynamic entify re—
quiring continual modification. The mechanism for p?oviding planning
and design information should be a continued cyclic process of data
collection, data analysis, and design of the gauging netwérk in the
difectiop'df more efficient and more effective production of the re-
quifed infdrﬁatiqn. The type of information that is required may
change in time, accuracy requirements .may change, and the state of the
art of hydrologic analysis is cﬁénging. All these factors fequire
periodic reappraisal .of the gauging system. In British Columbig-the
Planning and Studies Section is primarily'éngagedlin'the evaluation
of the data base and the caﬁébility of the existing hydrométric neg—
work to provide the information réquired by the Data Users. This
knowledge will lead to recbmmendagioné in the improvement of the data.

base through network design. The studies in hydrometric network
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planning are described under three headings:
3.1. Creation of the Data Bank
3.2. The'Exiéting Network

3.3.. ThewPropoéed Network

3.1. Creation of the Data Bank
In hydrometric network planning the procedure used in the analysis
and assessment of the existing data collection program is a cpfre—:

lation.technidue for relating hydro-meteorologic parameters to phys-

- iographic characteristics of a basin. Given the stochastic nature of

hydro-meteorologic phenomena, designers and planners of water.cqntrol
and water—relatéd facilitieé require that the observed time series of
events be described in terms of statisticalﬁparameéers. 'Among the
hydrograph characteristics that will be estimated afe the mean annual
dischafge, mean annual-flood, mean monthly discharge, mean annual
drought and mean seasonal drought. Meteorologic parameters tﬁat may

significantly affect these hydrograph characteristics and which should

" be included in the analysis are average values of precipitation. and

temperature and some estimate of evaporation-lossess :Discharge estimates -
can also be made from measurable and unchanging parameters such as phys-

sin:a -~ The_Shawinigan Engineering Co. Ltd. in_the. ...__._

erages.
report !'Hydrometric Network Planning Study for Western and Northern

Canada" created a data bank of 26 physiographic factors, using a square

, .
cgrid of,lQ:x 10 kilometres_which._ is. printed on the Universal -Transverse

j Mercator Projection maps of scale 1:250,00.
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3.2. Tﬁe Existiﬁg Netﬁprk

The existing netwpfk must be assessed in order to determine if the
network needs to.Be improved to satisfy the requirements of the Data
User. A first stéﬁ in this assessment ié‘an examinatiqn of the éuai—
ity of tBe'data'beihg:gathered‘af'a;sfﬁtion:énd the'castiof'obtaining
the data at the station. The éompleted évaiuation wi;l_permit cost
compérisop studies with adjacent stations'which‘ma§ lead t6 a revision
of-opetétihg:schedules.

ihe;evai;éfiohﬁof.the exiéting network makes use of the folloﬁing:

"= results of the exémiﬁation of the quality of the record at the
gtation; for example, if the quality of the low flow data is ﬁot
good the data should not be included:in an-évaluation of the net-
work regarding léw flow information. |

~.data bank of hydrograph characteristics.

»-bda;a'ﬁank-of meteorological parameters.

- data‘bankrof physiographic parameters.

-~ some method o%'data transfer.

For natural streams the transfer of streamflow information may be accom-

.plished by regression methods by relating-flowwcharactefistics to the

ehvironmental~factors that have an effect on streamflow, For streams
in whichjthe“naturalﬁflpw‘has;beenjmaferialiy?modified;ihydrologiCM'_

modelling of each individual basin may be required. One product of a

multiple-regression analysis is the standard error of estimate, which

‘is'a generél index of the predictive ability of the multiple—régres;uﬁ

- sion equation when applied to ungauged areas. 1In the evaluation of the
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existing network based on multiple-regression studies the standard
errors of estimate are compared to the aécuracies required for planning
and design purposes. If acéuracy gé;ls are mef'for éome streamflow
characteristics but not for others, the nétufebof the gauging éffort
may be changed so as to concentrate more efficiently on the types of‘

information still unsatisfactorily defined.

3.3. The Proposed Network

The resﬁlts of the evaluation of the existing hydrometric network will
showrwhethei»the objéctive;of tﬁé*gtfeamflow data program is“béing met,”
that is,-to pfo&idé;info;métion_oﬁ flo&-charéctériétics at any point on
anyvéﬁfeam in British Coiumbia; | N

Gaps in Ehe‘netwofk coverage will have to be filled "By éétabliéhing new
stations, while redundant records may lead to a discbntinuation of exist-

ing stations.‘ The design of the pfoposed network cannot be done by for-

‘mula. "It -must be done by those who “afe familiar with the hyafSIogy76f**‘”

the region, the needs for information, the information.presently'available;
and the methods of hydrologic analysis. The results of a network eval-
uation however, will ﬁrovide a firm basis for planning the future program.
Decisions on number, location and length of operation of continuous .
stations énd partial-record stationé can. be based on these’resplfs. Leés
productive elemeﬁts~éaﬁ Be weeded out and the effort gén_bé’devétedito-
important areas of streamflow information that are now receiving little
attention. Thg overail plan for the proposed network should providé for

a continuous interaction between data collection and analysis not only. -

A'(to gain a_better .understanding of the,hydrologicfsystem,;butfalso-tQ 

guide the future data collection pr§gram. . . -

s S = :
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Publication of Specific Data

The most important function of publications is to inform. The Water
Survey of Canada in British Coluﬁbia and the Yukon Territory has . .-
gathered a great deal éf.daté which is nét béing madé availéble to the
people in a form most useful to thé Data User. An agency wﬁich'gathers
a great deal of data and then buries it in its files is an agency of
little value to ényone. Through the means of publication it is possiblé
for the agency to dis;ribute specific data to potential users and also
to‘make known the kinds of data which are'avéilable.A Throﬁgh public—
ationé ‘the agency can also become wéll known and enhance its repufgtion.
The éubject.éf publications is treated in the following sections under .
three headings: - | |

4.1; Basic Data

4.2. Processed Data

4.3. Lay-Reader Reports

4.1‘ Basic Data

The Surface Water Data volume which is published every year provides

- information for. a station-on:a:stream for only one year, that:is:the -

year of the publication. Most Data Users when interested in data for

a specific station are interested in reviewing the available data on

::that:station for the entire-period-of record. Originally it was

necéssary for a person t6 1o§k at forty volumes in order to seé the
data for a forty year period 6f record. The Planning and Studies
Section; with™ the appfovalaofrthe Data Control Headquarters Unit,-
undertook the preparation of a number of volumes giving éummary data

.
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for stations for the entire period of record. This héé becoﬁe‘in—.
creasingly important with the growing demand for statistipal infor-
mation as required byvplanners; deéignérs and impact appraisbrs of
water control and other water—related facilities.

4.1.1. Publications

The Planning and Studies Section wifh winter worké ;h& é;mmerlétudent
assistance has extracted arrays of annual mean daiiy beak flowé,

seasonal 7-day a&érage low flows, annual 7-day average low flows and

‘mean annual discharge‘ﬁalues for all the stations in British Columbia,

where this information is aVailéble.f The peak flow and seasonal drought

data have been processed into publications. There are also data on
water temperatures and miscellaneous measurements which now lie dormant

in.our files and which we may be requested to produce.

4.2.‘,Processed Data

if Qé‘may aséumé tha# the Survey takes an active role. in tailoring the
publications it produces to the needs of the Data Users, we must then '
look at.the processing of the data‘iﬁ addition to its publication. It

is not sufficient to publishAtables of arrays of hydfograbh character-
istics, when we know that the Déta Uéers, in all their yariety, mhéf
g;ill'devglopﬁindiyiduglntechpigugsﬁéndﬁp;ogréﬁSu{owanéiyze"thiSMinfor—’f:
mation iﬁ order to get it intq a fofm useful fﬁr design, operation, ad-
ministration, and so on. It is generally acknowlédged that»the Water»
sqrvey would be the preferable agépgy,to undertake this tybe of'anélysis,
beéause the Surve&-is best aware of tHe accuracy limitationé of the faw
data-and-hence itS'relative<usefulness“for-analysisjwan&‘bécaﬁSe'it is

10.



the logical agency to make available as required both the basic data~

and the processed information on rivers.’

‘4.2;1._ Publications
The fdllowing compilations can be classified as pﬁblicéfions of pro-
céssed data:
- peak annual mean daily.. flows to 1971 at 354 stream gauging - - -
. locations in British Columbia, arrayed in tables, plotted on
Gumbel extremal probability paper,‘distributionless, published
. ..as _TMagnitudeLof»Floods‘in.Bfifish'Columbia", 100 copies . --

printed, now out of print, to be updated.

- peak annual mean.daily flows to 1972 at 35 sfreaﬁ gauging
locations in the Yukon Territory, arrayed ih tables, plotted
on Gumbel extremal probébility paper; mean.line and upper

_ confidenceflimit drawn by fitting the two-parameter gamma

“‘probability distribution by the Method of Maximum Likelihood, -

published as "Magnitude of Floods in the Yukon Territory", 25

copies printed.

- seasonal drought (7—day.a§erage low fléws betwegn JuneAl and

September 30) to 1972 at 707 stream’gauginé 1ocations in British
:Columbia;.érrayed in tables, pldtted and mean liné drawn by

fitéing thé iog Péarson Type II1I distrigution by the Me£hod of

Moments, published as "Low Flows in British Columbia, June-

September Averages', 50 copies printed.

— annual drought (7-day éverage low flows for the whole year) to
1972 at 427 stream gauging locations in British Columbia, arrayed

11.



4.3.

in tables, plotted and mean line drawn by fitting the log
Pearson Type III probability distribution by the Method of
Moments, published as "Low Flows in British Columbia, Annual

7-day Averages'", 50 copies printed.

annual drought (7-day average low flows for the whole year)

to 1973 at 31 stream gauging locations in Fhe Yukon Territory,
arrayed in‘tables, plotted and mean 1ine drawn by fitting the

lbg Pearson Type II1 probabil;ty‘distribution by the Method of
Moments, bublishea as "Low Flows Yﬁkon Territory, Annual 7-day

Averages", 25 copies printed.
water temperature data, data lies dormant in our files.

miscellaneous measurements, some data have been extracted from

the files.

area-elevation curves, utilizing the grid square file of ele-
vation values, curves have been drawn for some 100 basins in

British Columbia.

annual runoff maps, completed for several years and distributed
to the Provincial Water Investigations Branch and to Ottawa head-
quarters, -extraction-of -data~for -1976-will start as soon as data—-

become éyailable.>

Lay-Reader Reporté

‘While the contents of _the basic.data and the processed data publications

are tailored to safisfy the requirements of the technical Data User, the

lay-reader report is aimed at the general public. It is intended to

12.



educate the nontechnical reader and make the.léy public increasihgly

aware of the fﬁnctions and services of thé da;a collgction agency. It

is to be presented in a format which is easily underétood by fhe public,
that is,‘using nontechnical words with many graphical illuétrafions. .

In the repof; entitled "A New Look at the Inland Waters Program — Western
Region, April.i973"ithe Regional Director has proposed a series of reports

intended for the public:

"

1. Basin Booklet Series «+e+... to educate and inform people con-

concerning environmental management ......"

"

2. Hydrologic Report Series ..... would contain ali environmeﬁtal

baseline data in an illustrative format easily underétood by the

public and yet also useful for cursory assessments of environ-

mental problems by management ....."

3. Hydrologic Atlas " .....would be an-effective aid.in communicating
ideas and concepts to the adﬁinistrative and politicai decision

makers ....."

" The series appear to be of value in a region.where there is a scarcity

of water and where pesple are very concernea %ith wétér yieldé, consump-
tive uses of water, droughts; irrigation return flows, gVaporafion losses
and flow duration curves. It is suggested that for thé preseﬁtiour

effofts inipﬁﬁlications'shéuld be‘éoncentratedion improving the préduction
of basic data and processed data. If the need for.lay—feadef répofts be-
comes appérent;‘i# is suggestéd that a User survey be conducted to identify
the audience, ﬁheir data needs and desires. There is one type.qf compil-
ation which may be called a lay—reader report. . Itiis a_sumﬁary_reporf of

13.



hydrologic information available in specified areas. Recently thé Water
Survey of Canada, B.C. District had_been requesﬁed to produce a summary
report on hydrologic data oﬁ estuariﬁé rivers.  The finished compilation
contained a short introduction‘qﬁ thg hiétbry of étream gauging in each
estuary, a list of stations neér thé'ésfuary and ﬁaps showing the station

locations.

14,
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