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

The Objective 

The purpose of the Planning and Studies Section i s to present data i n 

the form required by the Data User, i . e . to provide hydrologic i n f o r 

mation. With the growing awareness of the value of B r i t i s h Columbia's 

water resources, the Data Users - designers, planners, and impact ap

praisers of water c o n t r o l and water r e l a t e d f a c i l i t i e s - are demanding 

greater s e r v i c e from the Water Survey of Canada i n providing hydrologic 

information of a .kind and. v e r s a t i l i t y .beyond anything now being gathered 

These demands, being made at a time when funding of the data c o l l e c t i o n 

program i s being c u r t a i l e d , have necessitated-a r e d i r e c t i o n and streng

thening of our e f f o r t s i n t o studies which supplement the t r a d i t i o n a l 

f i e l d program. 

The Planning and Studies Section i s meeting these growing demands by 

u t i l i z i n g the expe r t i s e unique to the Section, that i s an awareness of 

the accuracy l i m i t a t i o n s of the raw data and hence i t s r e l a t i v e u s e f u l 

ness f o r a n a l y s i s and a knowledge _of what kind of data the Users want. 

S p e c i f i c a l l y , our e f f o r t s are directed into three functions: 

,1. ANALYSIS - the extension of the usefulness of. the b a s i c data base -

through synthesis, simulation, i n t e r p o l a t i o n and c o r r e l a t i o n studies 

2. NETWORK PLANNING - the improvement of the usable data base through a 

systematic assessment and design of the data c o l l e c t i o n system, > 

3 . PUBLICATION - the dissemination of s p e c i f i c data to p o t e n t i a l users 

and to make known the kinds of data which are a v a i l a b l e . 



The Analysis of Basic Data 

The primary purpose of the studies under this heading is to extend 

the usefulness of hydrometric stations, in particular the usefulness 

of project-oriented stations. Project-oriented stations are those 

that were established for a specific purpose, e.g. requiring point 

data at a specified location on the stream. Part of the analysis 

efforts is concentrated in assessing the value of the streamflow 

data in obtaining information on a day-to-day basis for the manage

ment of water, for the assessment of current water availability, for 

the control of water quality, for the forecast of flow extremes, and 

for the surveillance necessary for legal requirements. These studies 

are divided into four groups: 

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 

2.1. Evaluation of Existing Data 

Streamflow information may be obtained directly from a streamflow record 

or may be derived from base data by analytical methods. In either case, 

accuracy_.goals for—the_information-obtained are needed to test the 

adequacy of the information. The accuracy of streamflow characteristics 

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, 

mean annual flow, mean monthly flow, and the standard deviation of the 



annual and monthly flows are examples of such c h a r a c t e r i s t i c s . 

There i s a need to evaluate the adequacy of data being gathered i n 

B r i t i s h Columbia by computing the accuracies of streamflow charac

t e r i s t i c s being obtained. This i s p a r t i c u l a r l y important at p r o j e c t -

oriented s t a t i o n s . The analysis w i l l a i d the User i n determining how 

long a s t a t i o n should be operated. 

2.2. Improvements i n the C o l l e c t i o n of Hydrometric Data 

An awareness of the accuracy l i m i t a t i o n s of the raw data leads to studies 

of ..methods f o r improving-the . c o l l e c t i o n of hydrometric data. In B r i t i s h 

Columbia i n a c c e s s i b i l i t y of t e r r a i n i s one of the major d i f f i c u l t i e s to 

be overcome i n the operation and maintenance of many st a t i o n s i n our net

work,. Some-of-the- stations:are-located on reaches where no c r o s s - s e c t i o n 

can be found that i s s u i t a b l e f o r taking discharge measurements using 

standard d i r e c t techniques. 

2.3. Extension of Records 

In B r i t i s h Columbia the d i v e r s i t y of c l i m a t i c and physiographic con

d i t i o n s causes l a r g e v a r i a t i o n s i n runoff, which make i t necessary to 

increase the amount of data that must be c o l l e c t e d . Unfortunately, 

e x i s t i n g streamflow records at many s i t e s are not s u f f i c i e n t l y extensive 

to allow the Data User to evaluate adequately proposed water system de

signs. The extension of records can be accomplished by c o r r e l a t i o n 

with the flow of a nearby long-term base s t a t i o n , by c o r r e l a t i o n with 

p r e c i p i t a t i o n records i n the drainage basin, by sequential generation 

of hydrologic information (synthesis), by i n t e r p o l a t i o n between gauged 

points on the same stream channel, or by regression methods between-two 

or more s t a t i o n s i n a homogeneous region. 



2.4. Analysis of Extreme Events 

Data c o l l e c t i o n i s most d i f f i c u l t during times of f l o o d flow. In 

B r i t i s h Columbia adverse weather conditions and problems of l o g i s t i c s 

often contribute to the f a i l u r e i n obtaining a . d i r e c t measurement. 

The analysis of events surrounding a flood has a two-fold purpose: 

to make a reasonable estimate of the magnitude of f l o o d peak and to 

analyze, the antecedent conditions causing the f l o o d . Knowledge of 

these w i l l lead the designer and planner of flo o d c o n t r o l works to 

b e t t e r estimates of a design f l o o d . 

I t i s the r e s p o n s i b i l i t y of the Water Survey of Canada to report on • 

extreme floo d occurrences and to disseminate the information to the 

Data User by p u b l i s h i n g the reports. 



3. Hydrometric Network Planning 

The purpose of the studies i n t h i s group i s the systematic and 

continual a n a l y s i s , assessment and design of the data c o l l e c t i o n 

program i n the d i r e c t i o n of more e f f i c i e n t production of the 

information required by the Data Users. In hydrometric network 

planning our concern i s with the c o n t r o l l e d and systematic develop

ment of a water resources gauging system through the concept of 

r e g i o n a l i z i n g the r e l a t i o n s h i p between hydrograph c h a r a c t e r i s t i c s 

and physiographic and c l i m a t i c parameters. 

While studies mentioned i n the previous section are u s u a l l y of short 

duration, studies concerned with hydrometric network planning tend to 

be of an evolving nature, since the network i s a dynamic e n t i t y r e 

q u i r i n g continual m o d i f i c a t i o n . The mechanism for providing planning 

and design information should be a continued c y c l i c process of data 

c o l l e c t i o n , data a n a l y s i s , and design of the gauging network i n the 

d i r e c t i o n of more e f f i c i e n t and more e f f e c t i v e production of the r e 

quired information. The type of information that i s required may 

change i n time, accuracy requirements /may change, and the state of the 

a r t of hydrologic a n a l y s i s i s changing. A l l these f a c t o r s r equire 

p e r i o d i c r e a p p r a i s a l of the gauging system. In B r i t i s h ' Columbia the 

. Planning and Studies Section i s p r i m a r i l y engaged i n the evaluation 

of the data base and the c a p a b i l i t y of the e x i s t i n g hydrometric net

work to provide the information required by the Data Users. This 

knowledge w i l l lead to recommendations i n the improvement of the data 

base through network design. The studies i n hydrometric network 
5. 



planning are described under three headings: 

3.1. Creation of the Data Bank 

3.2. The E x i s t i n g Network 

3.3. The-Proposed Network 

3.1. Creation of the Data Bank 

In hydrometric network planning the procedure used i n the ana l y s i s 

and assessment of the e x i s t i n g data c o l l e c t i o n program i s a corre

l a t i o n technique f o r r e l a t i n g hydro-meteorologic parameters to phys

iographic c h a r a c t e r i s t i c s of a basin. Given the st o c h a s t i c nature of 

hydro-meteorologic phenomena, designers and planners of water c o n t r o l 

and water-related f a c i l i t i e s require that the observed time s e r i e s of 

events be described i n terms of s t a t i s t i c a l parameters. Among the 

hydrograph c h a r a c t e r i s t i c s that w i l l be estimated are the mean annual 

discharge, mean annual f l o o d , mean monthly discharge, mean annual 

drought and mean seasonal drought. Meteorologic parameters that may 

s i g n i f i c a n t l y a f f e c t these hydrograph c h a r a c t e r i s t i c s and which should 

be included i n the analysis are average values of p r e c i p i t a t i o n .and 

temperature and some estimate of evaporation —losses-v Discharge estimates 

can also be made from measurable and unchanging parameters such as phys-

iographic._basin^ averages,.r_Tbe„Shawinigan.Engineering Co. Ltd. -in.'the.. 

report "Hydrometric Network Planning Study f o r Western and Northern 

Canada" created a data bank of 26 physiographic f a c t o r s , using a square 

g r i d of 10 x 10 kilometres which i s p r i n t e d on the Universal-Transverse 

Mercator P r o j e c t i o n maps of scale 1:250,00. 



3.2. The E x i s t i n g Network 

The e x i s t i n g network must be assessed i n order to determine i f the 

network needs to be improved to s a t i s f y the requirements of the Data 

User. A f i r s t step i n t h i s assessment i s an examination of the qual

ity " of the "data being" gathered at a s t a t i o n and the cost'of obtaining 

the data at the s t a t i o n . The completed evaluation w i l l permit cost 

comparison studies with adjacent stations which may lead to a r e v i s i o n 

of operating schedules. 

The evaluation of the e x i s t i n g network makes use of the fo l l o w i n g : 

- r e s u l t s of the examination of the q u a l i t y of the record at the 

s t a t i o n ; f o r example, i f the q u a l i t y of the low flow data i s not 

good the data should not be included i n an evaluation of the net

work regarding low flow information. 

- data bank of hydrograph c h a r a c t e r i s t i c s . 

- data bank of meteorological parameters. 

- data bank of physiographic parameters. 

- some method of data t r a n s f e r . 

For n a t u r a l streams the t r a n s f e r of streamflow information may be accom

p l i s h e d -by regression methods by r e l a t i n g f l o w - c h a r a c t e r i s t i c s to the 

environmental f a c t o r s that have an e f f e c t on streamflow. For streams 

i n which the natural;=flow-hasjbeen materially-modified, hydrologic 

modelling of each i n d i v i d u a l basin may be required. One product of a 

mu l t i p l e - r e g r e s s i o n analysis i s the standard er r o r of estimate, which 

i s a general index of the p r e d i c t i v e a b i l i t y of the m u l t i p l e - r e g r e s 

sion equation when applied to ungauged areas. In the evaluation of the 



e x i s t i n g network based on multiple-regression studies the standard 

errors of estimate are compared to the accuracies required f o r planning 

and design purposes'. I f accuracy goals are met f o r some streamflow 

c h a r a c t e r i s t i c s but not f o r others, the nature of the gauging e f f o r t 

may be changed so as to concentrate more e f f i c i e n t l y on the types of 

information s t i l l u n s a t i s f a c t o r i l y defined. 

3.3. The Proposed Network 

The r e s u l t s of the evaluation of the e x i s t i n g hydrometric network w i l l 

showr whether - the objective-of' the "-'streamflow data program i s TjeTng "met;"'" 

that i s , to provide information on flow c h a r a c t e r i s t i c s at any point on 

any stream i n B r i t i s h Columbia. 

Gaps i n the network coverage w i l l have to be f i l l e d ' B y e s t a b l i s h i n g new 

s t a t i o n s , while redundant records may lead to a discontinuation of e x i s t 

ing s t a t i o n s . The design of the proposed network cannot be done by f o r 

mula . ""It"must be "done by those who-"are " f a m i l i a r with the hydrology "of 

the region, the needs for information, the information presently a v a i l a b l e , 

and the methods of hydrologic a n a l y s i s . The r e s u l t s of a network e v a l 

uation however, w i l l provide a firm b a s i s f o r planning the future program. 

Decisions on number, l o c a t i o n and length of operation of continuous 

s t a t i o n s and p a r t i a l - r e c o r d stations can be based on these r e s u l t s . Less 

productive elements can be weeded out and the e f f o r t can be devoted to 

important areas of streamflow information that are now r e c e i v i n g l i t t l e 

a t t e n t i o n . The o v e r a l l plan for the proposed network should provide f o r 

a continuous i n t e r a c t i o n between data c o l l e c t i o n and analysis not only. " 

to gain ajbetter..understanding of the hydrologic system,-but also to. 

guide the future data c o l l e c t i o n program. -



P u b l i c a t i o n of S p e c i f i c Data 

The most important function of publications i s to inform. The Water 

Survey of Canada i n B r i t i s h Columbia and the Yukon T e r r i t o r y has 

gathered a great deal of data which i s not being made a v a i l a b l e to the 

people i n a form most u s e f u l to the Data User. An agency which gathers 

a great deal of data and then buries i t i n i t s f i l e s i s an agency of 

l i t t l e value to anyone. Through the means of p u b l i c a t i o n i t i s p o s s i b l e 

f o r the agency to d i s t r i b u t e s p e c i f i c data to p o t e n t i a l users and al s o 

to make known the kinds of data which are a v a i l a b l e . Through p u b l i c 

ations the agency can also become w e l l known and enhance i t s reputation. 

The subject of p u b l i c a t i o n s i s treated i n the following sections under 

three headings: 

4.1. Basic Data 

4.2. Processed Data 

4.3. Lay-Reader Reports 

4-lj. Basic Data 

The Surface Water Data volume which i s published every year provides 

information, for: a station-ion--a stream for only one year, that i s the 

year of the p u b l i c a t i o n . Most Data Users when i n t e r e s t e d i n data f o r 

a s p e c i f i c s t a t i o n are in t e r e s t e d i n reviewing the a v a i l a b l e data on 

•-that: station f o r the e n t i r e period of record. O r i g i n a l l y i t was 

necessary f o r a person to look at f o r t y volumes i n order to see the 

data f o r a f o r t y year period of record. The Planning and Studies 

Section, with"the approval: of - the Data Control Headquarters Unit, -

undertook the preparation of a number of volumes g i v i n g summary data 



f o r s t a t i o n s f o r the e n t i r e period of record. This has become i n - . 

creasingly important with the growing demand f o r s t a t i s t i c a l i n f o r 

mation as required by planners, designers and impact appraisors of 

water c o n t r o l and other water-related f a c i l i t i e s . 

4.1.1. P u b l i c a t i o n s 

The Planning and Studies Section with winter works and summer student 

assistance has extracted arrays of annual mean d a i l y peak flows, 

seasonal 7-day average low flows, annual 7-day average low flows and 

mean annual discharge values f o r a l l the stati o n s i n B r i t i s h Columbia, 

where t h i s information i s a v a i l a b l e . The peak flow and seasonal drought 

data have been processed i n t o p u b l i c a t i o n s . There are also data on 

water temperatures and miscellaneous measurements which now l i e dormant 

in^pur f i l e s and which we may be requested to produce. 

4.2. Processed Data 

If we may assume that the Survey takes an a c t i v e r o l e i n t a i l o r i n g the 

publications i t produces to the needs of the Data Users, we must then 

look at the processing of the data i n addition to i t s p u b l i c a t i o n . I t 

i s not s u f f i c i e n t to publish tables of arrays of hydrograph character

i s t i c s , when we know that the Data Users, i n a l l t h e i r v a r i e t y , must 

s t i l l develop -.individual-techniques^and-^programs—to -analyze"this- -infor-- ~ 

mation i n order to get i t into a form u s e f u l f o r design, operation, ad

m i n i s t r a t i o n , and so on. I t i s generally' acknowledged that the Water 

Survey would be the preferable agency to undertake t h i s type of a n a l y s i s , 

because the Survey i s best aware of the accuracy l i m i t a t i o n s of the raw 

data-and-hence i t s -relative usefulness" for analysis," and because i t i s 

10. 



the l o g i c a l agency to make a v a i l a b l e as required both the b a s i c data-

and the processed information on r i v e r s . 

4.2.1. P u b l i c a t i o n s 

The following compilations can be c l a s s i f i e d as p u b l i c a t i o n s of pro

cessed data: 

- peak annual mean daily.flows to 1971 at 354 stream gauging 

l o c a t i o n s i n B r i t i s h Columbia, arrayed i n tables, p l o t t e d on 

Gumbel extremal p r o b a b i l i t y paper, d i s t r i b u t i o n l e s s , published 

• __as . "Magnitude^, of ̂ Floods i n B r i t i s h Columbia", 100 copies • - -

p r i n t e d , now out of p r i n t , to be updated. 

- peak annual mean d a i l y flows to 1972 at 35 stream gauging 

l o c a t i o n s i n the Yukon T e r r i t o r y , arrayed i n tabTes, p l o t t e d 

on Gumbel extremal p r o b a b i l i t y paper, mean l i n e and upper 

confidence l i m i t drawn by f i t t i n g the two-parameter gamma 

p r o b a b i l i t y d i s t r i b u t i o n by the Method of Maximum L i k e l i h o o d , 

published as "Magnitude of Floods i n the Yukon T e r r i t o r y " , 25 

copies p r i n t e d . 

- seasonal drought (7-day average low flows between June 1 and 

September 30) to 1972 at 707 stream gauging l o c a t i o n s i n B r i t i s h 

Columbia, arrayed i n tables, p l o t t e d and mean l i n e drawn by 

f i t t i n g the log Pearson Type I I I d i s t r i b u t i o n by the Method of 

Moments, published as "Low Flows i n B r i t i s h Columbia, June-

September Averages", 50 copies p r i n t e d . 

- annual drought (7-day average low flows f o r the whole year) to 

1972 at 427 stream gauging locati o n s i n B r i t i s h Columbia, arrayed 

11. 



i n tables, p l o t t e d and mean l i n e drawn by f i t t i n g the log 

Pearson Type I I I p r o b a b i l i t y d i s t r i b u t i o n by the Method of 

Moments, published as "Low Flows i n B r i t i s h Columbia, Annual" 

7-day Averages", 50 copies p r i n t e d . 

- annual drought (7-day average low flows f o r the whole year) 

to 1973 at 31 stream gauging l o c a t i o n s i n the Yukon T e r r i t o r y , 

arrayed i n tables, p l o t t e d and mean l i n e drawn by f i t t i n g the 

log Pearson Type I I I p r o b a b i l i t y d i s t r i b u t i o n by the Method of 

Moments, published as "Low Flows Yukon T e r r i t o r y , Annual 7-day 

Averages", 25 copies p r i n t e d . 

- water temperature data, data l i e s dormant i n our f i l e s . 

- miscellaneous measurements, some data have been extracted from 

the f i l e s . 

- area-elevation curves, u t i l i z i n g the g r i d square f i l e of e l e 

v a t i o n values, curves have been drawn f o r some 100 basins i n 

B r i t i s h Columbia. 

- annual runoff maps, completed f o r seve r a l years and d i s t r i b u t e d 

to the P r o v i n c i a l Water Investigations Branch and to Ottawa head

quarters , e x t r a c t i o n -of data f o r 1976' w i l l s t a r t as soon as data 

become a v a i l a b l e . 

4.3. Lay-Reader Reports 

While the contents of_the basic.data and the processed data p u b l i c a t i o n s 

are t a i l o r e d to s a t i s f y the requirements of the t e c h n i c a l Data User, the 

lay-reader report i s aimed at the general p u b l i c . I t i s intended to 

12. 



educate the nontechnical reader and make the lay p u b l i c i n c r e a s i n g l y 

aware of the functions and services of the data c o l l e c t i o n agency. I t 

i s to be presented i n a format which i s e a s i l y understood by the p u b l i c , 

that i s , using nontechnical words with many graphical i l l u s t r a t i o n s . 

In the report e n t i t l e d "A New Look at the Inland Waters Program - Western 

Region, A p r i l 1973" the Regional Director has proposed a s e r i e s of reports 

intended f o r the p u b l i c : 

1. Basin Booklet Series " to educate and inform people con-

concerning environmental management " 

2. Hydrologic Report Series " would contain a l l environmental 

baseline data i n an i l l u s t r a t i v e format e a s i l y understood by the 

p u b l i c and yet also useful f or cursory assessments of environ

mental problems by management 

3. Hydrologic A t l a s " .....would be a n - e f f e c t i v e a i d . i n communicating 

ideas and concepts to the administrative and p o l i t i c a l d e c i s i o n 

makers " 

The s e r i e s appear to be of value i n a region.where there i s a s c a r c i t y 

of water and where people are very concerned with water y i e l d s , consump

t i v e uses of water, droughts, i r r i g a t i o n r e turn flows, evaporation losses 

and flow duration curves. I t i s suggested that f o r the present our 

e f f o r t s i n p u b l i c a t i o n s should be concentrated on improving the production 

of b a s i c data and processed data. I f the need for lay-reader reports be

comes apparent, i t i s suggested that a User survey be conducted to i d e n t i f y 

the audience, t h e i r data needs and d e s i r e s . There i s one type of compil

a t i o n which may be c a l l e d a lay-reader report. I t i s a summary report of 

13. 



hydrologic information a v a i l a b l e i n s p e c i f i e d areas. Recently the Water 

Survey of Canada, B.C. D i s t r i c t had been requested to produce a summary 

report on hydrologic data on estuarine r i v e r s . The f i n i s h e d compilation 

.contained a short i n t r o d u c t i o n on the h i s t o r y of stream gauging i n each 

estuary, a l i s t of st a t i o n s near the estuary and maps showing the s t a t i o n 

l o c a t i o n s . - . 
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