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AUSTRALIAN ACADEMY OF SCIENCE NATIONAL 
SYMPOSIUM ON WATER RESOURCES, USE 

AND MANAGEMENT. 

SECTION F. EDUCATIONAL POLICY 

GENERAL REVIEW OF THE AUSTRALIAN SCENE 

- b y -

C.H. MUNRO. 

SUMMARY. 

Existing educational provision in Australia for the study of sc iences and 

technologies underlying water resources development is reviewed crit ical ly , 

and the neglect of this field in favour of old fashioned traditional and new 

fangled "g lamour" topics is deplored 

The need for a study of the hydrologie cycle and related topics in 

pr imary and secondary schools and the inclusion of courses in hydrology as 

separate subjects in their own right in University undergraduate courses is 

stated . However, it is argued that the greatest need for the more efficient 

planning of Australia's water resources development is formal post-graduate 

courses of one year ' s full -t ime study, designed to prepare engineers and 

scientists for research and practice in this field. The value of hydrology as 

a training in scientif ic method is stressed. Ways and means of improving the 

situation are discussed, and recommendations made in regard to secondary 

schools and undergraduate courses , for financial assistance to formal graduate 

courses in water resources ; and for c loser liaison between Universities 
Commonwealth Scientific and Industrial Research Organisation and Universities 
in teaching and research. 

Foundation P r o f e s s o r of Civil Engineering, The University of New South Wales 
Hon. Director of Research, Water Research Foundation of Australia. 



AUSTRALIAN EDUCATIONAL POLICY ESSENTIAL FOR EFFICIENT 
PLANNING OF USE AND MANAGEMENT OF WATER 

RESOURC"ES^ 

- b y -
C.H. MUNRO. 

1. INTRODUCTION. 

As leader of the "Educational Policy" Section of the National Symposium 
on Water Resources Use and Management sponsored by the Academy of Science 
the author is charged with the task of presenting a paper as a basis for dis-
cussion. A few of the leaders of other sections of the symposium have 
made suggestions for improvements in the existing practice of Australian 
educational authorities and the essence of these have been included. How-
ever, the great bulk of the contents of this paper is based on the author's 
personal experience and viewpoint. 

Water resource technologies depend on the basic subjects of hydrology, 
hydraulics, agriculture, geography, geology, forestry, meteorology, mathe-
matical statistics and economics. The author considers that all of these 
subjects except hydrology are adequately catered for at all levels as individual 
disciplines. The weaknesses of the present situation are: -

(i) Inadequate tuition at all levels in hydrology; 
(ii) Lack of co-operation between workers in the above separate 

disciplines; 
(iii) The lack of any system of training water resources experts with 

an integrated knowledge of hydrology and hydraulics, and those 
portions of the other disciplines which are fundamental in the 
planning of water utilization and control. 

There is a tendency nowadays to widen the term "hydrology" to embrace 
a training for (iii) above. The inter-university conference on hydrology at 

Lake Arrowhead, California, in August 1962, described by Todd, D, K. (196 2) 
defines hydrology as " t h e science that treats of the waters of the Earth, their 
occurrence, circulation, and distribution, their chemical and physical properties, 
and their reaction to their environment, including their relation to living things. 
This conference report goes on to state that "hydrology is an interdisciplinary 
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science which is related to a diversity of traditional university departments, 
including agronomy, biology, civil engineering, forestry^ geography, geology, 
irrigation and meteorology" but stresses that the important unifying concept 
is the fact that hydrology embraces the full life history of water on the Earth. 
For the purposes of this paper, the author will define training in hydrology 
as that which is necessary to enable the student to qualify as a specialist 
in the planning of the use and control of water. 
2. HYDROLOGIC EDUCATION IN SECONDARY SCHOOLS. 

In the past, in New South Wales,at least, schoolboys studied "physics" and 
"chemistry" and schoolgirls, say "biology" and "geology". The elements of 
the Carnot cycle, or the cycle of death and decay would be studied, but the 
hydrologie cycle, which is just as important to human existence, would not be 
mentioned. The secondary school system in New South Wales has recently adopt-
ed a very broad four year post primary programme leading to a "school leaving 
certificate" followed by two further years of relatively specialised study pro-
viding an adequate foundation for University courses. Under the new system, 
so far as science is concerned, the objective is to integrate the sciences into 
one unified concept. Judging by the pilot edition of the authorised text book, 

edited by Messel , H. (1963), the objective of true integration has not been achieved. 
Nevertheless, all students will receive a series of introductions to geology, bio-
logy physics, chemistry and meteorology. So far as this discussion is concerned, 
it suffices to note that the hydrologie cycle and meteorological phenomena do 
receive some attention. However, they appear as isolated incidents in the course. 
It could be argued that the unified topic of "conservation of natural resources of 
soil , water, plants and fauna"is surely appropriate at the school level in a modern 
civilization. Water is so important to Australia and the world that every citizen 
should be as familiar with basic hydrologie phenomena as he is with Newton's 
law of gravity. Teachers both in science and social studies should approach the 
subject with due regard to the physical, agricultural, engineering: and economic 
points of view» The physical problems involved lend themselves readily to in-
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e x p e n s i v e e x p e r i m e n t a l study, and many appl i cat ions of m a t h e m a t i c a l 

principles should be e m b o d i e d in sucn a c o u r s e . S'udent interest could 

r e a d i l y be a r o u s e d . Human be ings of all ages are in te res ted in the w e a t h e r , 

m the f low of water and the growth of plants . 

A m i s l e a d i n g f ea ture of the m a s s m e d i a propaganda m A u s t r a l i a in 

r e c e n t y e a r s has been the g l a m o u r i z i n g of nuc l ear p h y s i c s , s p a c e ' iravel , 

r a d i o - a s t r o n o m y , r o c k e t r y , p r e - s t r e s s e d c o n c r e t e and the l ike , with the 

r e s u l t that the youth of Aus t ra l i a neg l e c t s the equal ly in teres t ing and r e -

w a r d i n g - and to A u s t r a l i a m o r e important - f i e lds of c o n s e r v a t i o n and 

ut i l i za t i on of natural r e s o u r c e s . As a resul t "he s c i e n c e s under ly ing c o n -

s e r v a t i o n are not r e c e i v i n g a fa ir share of the o n c o m i n g , m o r e able , youth 

of the country . Hence in the new s c h o o l s c i e n c e c o u r s e in New South \Vales, 

h y d r o l o g y and c o n s e r v a t i o n t o p i c s play the r o l e of m e m b e r s of ^he c h o r u s in 

the b a c k g r o u n d , with the f o r e f r o n t of the stage and the spo'ilighTs devoted to 

t rad i t i ona l g e o l o g y , b i o l o g y , phys i c s and c h e m i s t r y . This is only to be e x -

p e c t e d , as the t e a c h e r s have n e v e r been e x p o s e d to a s y s t e m a t i c t reatment 

of h y d r o l o g y and c o n s e r V at ion. P e r h a p s a work ing group , s p o n s o r e d by the 

A c a d e m y of S c i e n c e , and c o m p o s e d of p rac t i s ing exper t s as w e l l as e d u c a t i o n -

i s t s , should be set up to advise on suitable c o u r s e s , texts and e x p e r i m e n t s 

f o r s e c o n d a r y s c h o o l s . At the p r i m a r y s c h o o l l e v e l the s a m e commen":s apply , 

although the a p p r o a c h would be e l e m e n t a r y and d e s c r i p t i v e . Of the other 

States of A u s t r a l i a , it is u n d e r s t o o d that only in V i c t o r i a is there a f our y e a r 

" g e n e r a l s c i e n c e " c o u r s e as an introduct ion to m o r e s p e c i a l i s e d c o u r s e s , 

3. H Y D R O L O G I C E D U C A T I O X IX U X I \ ^ R S I T I E S . 

3. 1 I m p o r t a n c e of H y d r o l o g y . 

The author c o n c e d e s that the advisabi l i ty of p r o m o t i n g h y d r o l o g y and 

c o n s e r v a t i o n f r o m the c h o r u s to s o l o parts in s e c o n d a r y s c h o o l sy l l ab i m a y 

w e l l be a mat te r f o r debate . But at the U n i v e r s i t y l e v e l the c a s e f o r a r e -

v i s e d attitude is s u r e l y u n a s s a i l a b l e . Ac t i on at this l e v e l is much m o r e i m p o r t -

ant than at the s c h o o l l e v e l . This theme will be d e v e l o p e d m o r e fu l ly l a t e r :-n 

Sec t i on 4 .1 of this d i s c u s s i o n , but it is convenient f i r s t c o n s i d e r the p r e s e n t 

state of h y d r o l o g i e educat ion in U n i v e r s i t i e s . 
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3. 2 Hydrology in Australian Universities. 

As far as can be ascertained, the only courses which include hydrology 
as a topic in its own right, with at least 10 hours of lecture time, are : -
(a) University of Melbourne Undergraduate Course Leading to Degree in 

Surveying. 

(i) Hydrology - 13 lectures on hydraulics and 13 on hydrology covering 
the hydrologie cycle , general survey, precipitation, random processes , 
infiltration, rainfall-runoff relations, streamgauging, flood estimation, 
flow regulation. 

(b) University of Melbourne Undergraduate Course Leading to Degree in 
Agricultural Engineering. 

(i) Hydrology - 27 lectures on rainfall, evaporation, infiltration, 
runoff, groundwater, drainage. 

(c) University of Melbourne Undergraduate Course Leading to Degree in 
Civil Engineering. 

(i) Hydrology - 10 lectures as for (b)(i) but concentrating on surface 
hydrology, and groundwater hydraulics. 

(d) University of New South Wales Undergraduate Course Leading to Degree 
of Bachelor of Civil Engineering. 

(i) Full-time Course. 
Engineering hydrology (part B of "Civil Engineering") 36 hours. 

(ii) Part-time Course. 
Engineering hydrology (part B of "Civil Engineering") 15 hours. 

(e) University of New South Wales, Undergraduate Course Leading to Degree 
of Bachelor of Science (Technology) in Civil Engineering (part-time Course) 

(i) Engineering hydrology (part B of "Civil Engineering") 36 hours. 
(f) University of New South Wales Undergraduate Course Leading to Degree 

of Bachelor of Surveying. 
(i) Engineering Hydrology (Part B of "Civil Engineering") 36 hours 
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(g) University of New South Wales Post-graduate Courses Leading to 
Degree of Master of Technology in Hydrology and Hydraulics. 

The M. Tech. courses provide for one year of full-time 
or two to three years of part-time study. 

11 
11 

11 
11 
11 

Hydrodynamics 60 hours 
Advanced Hydraulics 75 
Hydraulic Design 45 
Laboratory ) 

Practice) 60 
Hydrology I 90 
Hydrology II 90 
Irrigation and ) 

Drainage ) 90 " 

Project - which may be of a hydraulic or hydrologie nature, 
involving a specific investigation or design. 

(h) University of New South Wales Post-graduate Course Leading to 
Degree of Master of Technology in Public Health Engineering. 

(i) Hydrology I of (g) above. 

(i) University of New South Wales Special Post-graduate Course. 
(i) A 12 weeks' special full-time day course of 400 hours 

class tuition in engineering hydrology, 
(ii) A 30 weeks special part-time evening course of 60 hours 

of class tuition in Water Resources Development. 
One difficulty experienced by lecturers in these courses is the 

fact that rarely, if ever, have the students a good grounding in mathe-
matical statistics. So far as the University of New South Wales id con-
cerned, an outstanding weakness is the comparative neglect of geo-
hydrology in all of its courses. 

Possibly some other Universities provide tuition in hydrology 
or related water resources topics as elements of courses with broad 
titles such as "civil engineering" or "economic geography", but it seems 
probable that any such treatment would be sketchy. 
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When the number of hours of formal instruction in hydrology 
listed above for undergraduate courses are compared with those allocat-
ed to structures and other traditional civil engineering subjects, it is clear 
that hydrology occupies an insignificant place in the scheme of things. 

Some thirty years ago the subject of "soi l mechanics" was unheard 
of as far as the average civil engineering undergraduate was concerned, 
but almost as soon as the subject reached the text book stage practically 
all civil engineering schools included it as a subject in its own right in 
their curricula. Why this did not occur with hydrology is a mystery. 
Perhaps the reason is that even the most antiquated of civil engineering 
professors had been brought up in their undergraduate days on Rankine's 
theory of earth pressure, whereas the term "hydrology" was quite un-
familiar. 

At the postgraduate level, the list of courses at the University of 
New South Wales may appear impressive, but in actual fact geo-hydrology, 
hydro-economics , and mathematical statistics are not yet catered for ade-
quately. The course listed in (g) above is overweighted with traditional 
hydraulics with consequent neglect of the broader concept discussed in 
Section 3. 4 below. 

3. 3 Hydrology in United Kingdom Universities. 
In the United Kingdom, the only case where engineering hydrology 

appears as a distinct discipline is in the post-graduate Diploma Course in 
Hydrology of the Imperial College of the University of London. However, it 
is surprising how many civil engineering schools provide introductory 
courses in engineering hydrology as sections of all embracing subjects with 
such titles as "Civil Engineering". The University of Durham (King's 
Col lege, Newcastle) provides a number of elective specialties in the final 
years of the Bachelor^ course, and one is "Hydrology and Hydraulic En-
gineering" . 
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In every school of civil engineering there seems to be at least 

one nnember of the academic staff who is vvell read in engineering hydro-

logy, although few are researching in this field. 

It has often been said that the United Kingdom is in the van of pro -

gress in fundamental research , but dragging behind in the rear as far 

as practical application of this research is concerned. This is certainly 

true of hydrology. In practical engineering hydrology the civil engineering 

profession lags behind Australia, to say nothing of U. S. A. But the funda-

mental approaches exemplified by such engineers as Dooge, J. C. L (1959), 

Nash, J. E. (1957) (1958) and Appleby (1954) and Dawson, E, E. (1958) are 

of high merit , 

3. 4 Hydrology in U. S. A. Universities. 

Langbein, W. (1958) stated that "because hydrology is an o v e r -

lapping and relatively new science, there are no established courses of 

study for hydrologist s" and goes on to deplore that practising hydrologists 

must acquire their knowledge "on the job" after a basic training in civil 

engineering (often largely directed to materials and structures) , geology, 

or meteorology. Langbein extols the virtues of a study of hydrology as a 

basic professional discipline. Lenz, A. T. (1950) reports that only 41 en-

gineering schools out of 119 in U. S. A. included at least one undergraduate 

course in hydrologie subjects. Enquiries-in U. S. A. in 1960 revealed that 

the situation descr ibed by Langbein had not changed materially, and his 

discontent was widely shared by engineers and scientists. Eventually the 

United States Geological Survey (1961) issued a statement of the problem 

as fol lows -

"Despite the vast programs to develop the water resource , 
at present there are no schools which include in their curriculum 
a comprehensive program of instruction in the basic sc iences 
that govern the development of this resource . 

The physical and social sc iences , which are the foundations 
of the study of water either as an aspect of earth history or as a 



resource , include a wide range of subjects such as physics, 
chemistry, hydrology, nieteorology, geology, resource economics , 
political economy. These disciplines are integral parts of any 
study of water, but the field in general demands particular concern 
with the synthesis of these disciplines„ 

There is need therefore for educational centers in this 
country, staffed by earth scientists and social scientists, 
devoted to education and research throughout the range of d is -
ciplines that can contribute to a coherent and rational approach 
to the study of water. 

The present statement is a brief analysis of the need for 
improved educational facilities, and suggests some of the ways 
this need may be approached. " 

" Many public decisions concerning development, control, 
and management of water depend, in one or more ways, on inter-
pretations of knowledge within more than one of these sciences. 
In fact, most practicing hydrologists acquired their professional 
training in hydraulics-, geology» or meteorology. A sample list 
of affiliates of the Section of Hydrology of the American Geophysical 
Union indicates basic training as follows: 

Perce nt Civil or hydraulic engineering 
Geology 28 
Meteorology 10 
Silviculture, agronomy, soil science 8 
Chemistry and physics 5 

None report their training to have been in hydrology, because there 
are no curricula in that subject. There are relatively few astrono-
mers , yet there are several recognized schools of astronomy. 
Despite the vast contrast between astronomy and hydrology in the 
economic life of our society, no schools give thorough training in 
hydrology as a distinct earth-science discipline. " 

"Many schools of fer general hydrology in one- or two-
semester courses or as part of courses in water supply, irrigation 
or waterpower engineering. Some schools offer courses in ground-
water hydrology, and agricultural schools may provide instruction 
in watershed hydrology« A few schools offer degrees in hydraulic 
engineering with intensive instruction in applied hydrology = 
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The available instruction is too narrow. Limitat ions on 
training tend to r e s t r i c t breadth of r e s e a r c h and to c o m p a r t m e n t -
alize the study of what is a single substance. The l i terature is 
c o m p o s e d large ly of papers on s u r f a c e - w a t e r hydro logy , f lood 
hydro logy , ground-water hydro logy , water c h e m i s t r y , and so on. 
A lmost no papers br idge the tradit ional divis ions that r e f l e c t 
the l imited training of the authors. " 

This repor t suggested that the V S G. S, should assist in the establ ishment 

of a graduate s c h o o l of hydro logy that can o f f e r : -

" A competent univers i ty staff in such col lateral subjects as 
geo l ogy , m e t e o r o l o g y , and fluid mechani cs , and poss ib ly also 
in oceanography and l imnology 

A c u r r i c u l u m in hydro logy with ma jo r emphasis on the earth 
s c i e n c e s , as defined in the attached statement prepared by the 
Panel on Hydro logy of the F e d e r a l Counci l on Sc ience and T e c h -
nology, Because water has universal importance , the cur r i cu lum 
should include instruction in such subjects as water law and 
r e s o u r c e , e c o n o m i c s , " 

It goes on to say - "Some univers i t ies already are taking steps to improve 
their c u r r i c u l a in hydro logy , but in most instances , the steps cons is t of 
adding one or two new c o u r s e s in applied or engineering hydro logy . 
The resul ts probably wil l fall short of the goal here v isual ized. 

Rather , what appears to be needed is a p r o g r a m within which all 
o r near ly all individual c o u r s e s are , at least to s o m e extent, reor iented 
toward the broad p r o b l e m s of water on the earth. The design of such a 
p r o g r a m is p r o b a b l y s i m p l e r at the graduate l eve l than at the undergraduate, 
b e c a u s e present c o l l ege training in c iv i l engineerings m e t e o r o l o g y , so i l 
s c i e n c e , or c h e m i s t r y tends to be d irected towards spec ia l izat ion in those 
d i s c ip l ines , " 

The repor t goes on to l ist the subjects of study which are des i rab le 

f o r a graduate s choo l . 

Fur ther ev idence of d issat is fact ion and ideas f o r r e m e d i a l action 

are found in the proceed ings of the con ference repor ted by Todd, D. K. (196 2). 

Th is c o n f e r e n c e was attended by a cademics and representat ives of G o v e r n -

ment depar tments , and took as its starting point the fo l lowing quotation of 

the F e d e r a l Counci l f o r Sc ience and Techno logy (196 2) : -

" T h e water development and management p r o b l e m s of the last few 
y e a r s have c reated a need f o r sc ient i f i c hydro logy that e x c e e d s the 
capac i ty of the re lat ive ly few individuals who have c o m e into the 
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f ield f r o m bordering disciplines. The time has come to en-
courage col leges and universities to make a conscious ef fort 
to develop scientists trained to work on hydrologie problems 
f r o m a broad base in the fundamental sc iences , " 

(Federal Council 196 2) 
(This pr ior report / is of considerable importance. It d iscusses hy-
drology as a sc ience , the status of hydrologie research , education in 
hydrology, and international co -operat ion, and the proposed "hydro -
logic d e c a d e " . ) 

The report of this conference deserves serious study by Aus -

tralian academics and governmental and private engineers and scientists. 

The final resolutions are worthy of quotation in full : -

"(1) That particular ef forts should be directed to attracting talented 

students into graduate programs in hydrology. 

(2) That a comprehensive evaluation of present educational programs 

and their relation to future manpower needs in hydrology should be 

made. 

(3) That universities should assume responsibil ity for the promotion of 

interdisciplinary offerings and for the development of new programs 

in hydrology. 

(4) That all avenues for increased support of university education and 

research in hydrology should be explored and that steps should be 

taken to provide for an immediate and a greatly increased level 

of support. 

(5) That the federal agencies be authorized to assign federal personnel 

to universit ies , on their request, to assist in the development and 

expansion of academic and research programs in the field of water 

r e s o u r c e s . 

(6) That the Government Employees Training Act be amended to in-

c rease the permiss ib le number of personnel that may be assigned 

to extramural training. 
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(7) That the Civil Service Commiss ion be reqii'^sted to establish a 
c lass i f icat ion of hydrologist. 

(8) That the Direc tor of the Off ice of Science and Technology should 

be urged to request the National Academy of Sciences to establish 

a Committee on Hydrology with which the university com.munity- may 

work toward developing a program for rapid progress in education 

and research in hydrology. 

(9) That a Universities Council on Hydrology should be established 

in accordance with the accompanying 'Memorandum of i: nderstanding'" . 

If Amer ican er^gineers and scientists are dissatisfied with the stan-

dards of water r e sources development planning in their country, then the 

plight of Australia is serious indeed. If we could even approach the stan-

dard of investigation and planning of water projects which is taken for 

granted in U. S. A. we would have made tremendous advances. 

Apparently U. S. authorities are dissatisfied with the part Univers i -

ties have played in hydrologic education and research , in spite of the many 

able textbooks produced by American pro fessors . If this is c o r re c t , it is 

interesting to enquire why U. S. A. is so advanced in the practice of hydro-

logy. Perhaps the reason lies in the active part played by major U. S, 

water authorities in research and in the dissemination of hydrologic ]vnow-

ledge basic to practice . 

3. 5 Hydrology in the Soviet Union. 

F o r some years past English speaking hj^drologists have become 

aware through translations of the high standard of work in R.ussia in r':̂ an}/-

aspects of hydrology. A valuable review of hydrology in the Soviet Union 

has been provided by Sw^iet J.( 196 2) . 

3. 6 Hydrology in Japan. 

The work of Sugawara M. and Maruyama F. (195fi) and of Kimura T. 

(1960) reminds us of the benefit which would accrue to Australian hydrolooists 
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f r o m a c l o ser l iaison \Â ith workers in Japan. 

4. FUTURE AUSTRALIAN POLICY 

4. 1 Undergraduate Study 

The author is convinced that urgent action should be taken to include 

"Hydrology" (broadly defined) as a subject in its own right in undergraduate 

courses in all Australian Universit ies , with a status and time allocation 

greater than that now allocated to such subjects as " so i l mechanics" . Some 

will debate this and perhaps bring forward arguments on the following l ines : -

(i) The main functions of an undergraduate course is to teach the student 

to read, think, delve for himself and learn how to teach himself , and this 

can be done just as well with traditional subjects as with some new-fangled 

topic such as hydrology. 

(ii) "Hydrology" is an interdisciplinary science which is related to a di -

versity of traditional university departments, including agronomy, biology, 

c iv i l engineering, f orestry , geography, geology, irrigation and meteoro logy" 

(Todd, D. K. (196 2) ) and is therefore not suitable for inclusion in existing de -

gree courses . 

The author's reply to (i) is that, if we follow this reasoning, such sub-

jects as so i l mechanics could be eliminated f r o m civil engineering courses , 

and such subjects as Astronomy, or perhaps even Latin, substituted. In 

speaking of graduate courses , Todd, D. K. (1962) answers (ii) thus:-

"Although graduate education in hydrology must cut across departmental 

lines to cover all aspects of water, the fact that hydrology embraces the 

full l i fe history of water on the earth is a unifying concept" . The author's 

answer to (ii) is that a start can be made with "engineering hydrology" anyway, 

and the sooner civi l engineers learn to mix with geographers, economists , 

geo logists , meteoro log is ts , agriculturalists and f ores ters , the better. 

The identification of " c iv i l engineering" with "structural engineering" 

is a strange feature of the Australian scene. Of the eleven chairs of c ivi l 
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engineering in Austral ia , seven are occupied by men whose spec ia l ty is 

s tructural design, two by spec ia l is ts in highway and tra f f i c engineering 

and only two by persons who are personal ly inieresred m r e s e a r c h in 

ater. Several A s s o c i a l e Chairs or Readerships are held by spec ia l i s ts w 

in hydraulics^^none by spec ia l i s ts in hydrology or conservat ion eng ineer -

ing. When one cons iders the importance of water to a dry continent such 

as Austral ia , it is strange that there does not exist at least one Full 

Chair in Irr igation Engineering, and severa l Chairs or Assoc ia te Chairs 

in such subjects as hydrology, water r e s o u r c e s , and h y d r o - e c o n o m - c s . 

Hydro logy is a good medium for educating the undergraduate engineer. 

The use of conventional and m o r e or less idealized mathematical ap-

proaches to such subjects as structural design, based on years of t r a -

ditional teaching, breeds in the mind of the student the idea that c iv i l 

engineering is a nice neat co l lect ion of s traightforward, we l l - es tab l i shed 

pr inc ip les , procedures and formulae . Hydrology , being a new -science 

sti l l in its f ormat ive stages , is an excel lent medium to i l lustrate how 

natural phenomena must be studied, measured , and analysed to build up 

engineering techniques, to understand the importance of established facts 

as c o m p a r e d with wiisckful assumptions, and to apply s o m e original think-

ing and delving to the mastery of the subject rather than to absorb parrot 

fashion a s e r i e s of p rocedures . A study of hydrology provides a training 

in methods of attack on any future prob lem which is off the beaten track. 

A healthy c y n i c i s m and d isrespec t foE authoritative text book statements is 

an essent ia l part of undergraduate training and in no f ield can this be better 

acquired than in a study of hydrology-

T h e r e are s e v e r a l important anci l lary subjects , of which mathematical 

stat ist ics and data process ing and computer techniques are two. C o u r s e s in 

stat ist ical methods appear in all Australian University handbooks, but c o m -

puter techniques in only f ive . This does not mean, however , that they 
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are included in the regular civil engineering undergraduate course. It 
seems probable that few if any civil engineering courses include +he 
subject of mathemaxical statistics. This is some-rimes partly ihe 
fault of the mathematicians, who make themselves unpopular wiih en-
gineers by stressing ^oo much the philosophy and derivation of ^heir 
theorems, rather than their application. A strong case can even be made 
out for the teaching of statistical methods in secondary schools , con-
centrating on description of them rather than on discussion of their mathe-
matical basis. The absence of any treaxmem of basic ' 'engineering 
economics " f r om most Australian civil engineering undergraduate courses 
is as puzzling as the absence of "mathematical statistics 

A feature of Australia is the almost complete divorce of C S. I. R. O, 
scientists f r om any teaching responsibility, and ihe relatively small use 
of practising engineers and scientists as part-time or visiting lecturers 
in Universities. The late Pro fessor D, W, Phillips advocated "industrial 
fe l lowships" , whereby University staff exchanged places with government 
specialists in the same field for an academic year. This concept is par-
ticularly applicable to water resources teaching and research. 

Assuming that it were agreed that there should be some re form of 
University teaching in the direction of greater emphas is on the proper de-
velopment and use of wRter resources and its ramifications in+o other 
resources , such as land use, soi ls , forests and wildlife, the question 
arises as to the nature of such re forms. 

In view of the interdisciplinary nature of the subject, it could be 
argued that there should be created undergraduate courses of three or four 
years ' duration leading to some such degree as B, Sc. (Conservat'on). 
Such a course could include all the subjects which have been advocated as 
essential for a worker specialising in water development and management 
fields. However, in the present climate of public opinion, it would pro -
bably fail for lack of students. Schoolboys planning their careers will 
"play safe" and enrol in the recognized courses in civil engineering and 
sc ience. A more practical programme at the undergraduate level would 
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be to include a 40 to 60 hour course in basic hydrology in all civil 

engineering degree courses , and core&sponding courses , with perhaps 

different subgiect matter, in courses in geography, agriculture and 

s imilar disciplines. Further work might be provided in those courses 

which allow for "e lect ive" subjects at the undergraduate level. As 

far as civi l engineering is concerned, the raising of hydrology to at 

least the same status as soi l mechanics is essential if any real i m -

provement of the present situation is to be achieved. 

4. 2 Post Graduate Courses . 

However, no matter how valuable an undergraduate course may be 

in inculcating in students sound attitudes to their life and work, it must 

be real ised that at the Bachelor ' s level the student, as far as the more 

special ised sc ience and technology of his prcf ession is concerned, "knows 

a bit about everything and not much about anything". 

If the graduate civil engineer proposes to practice or research 

eff iciently in structural, water, or transport engineering he requires 

at least a further full year of specialised study aimed at mastering the 

basic technology of his chosen field. Hence the greatest need, in the Aus-

tralian scene, is a ser ies of formal post-graduate courses leading to a 

Master ' s degree, with some of the students proceeding further to the 

research Ph.D. degree. In the author's experience, graduates need a 

year of f o rmal post-graduate study before they are properly prepared 

for work towards a higher degree of the research type (M. E. or Ph. D. 

in the University of New South Wales) . More important than training in 

research , for Australia 's problems, is the need to supply major govern-

mental water authorities with a " corps d 'el ite" for practical investigation 

and planning. In view of the inter-discipl inary nature of water resources 

planning, it is desirable that these post-graduate courses should be so 

planned that graduates in various sc ience specialt ies , as well as graduates 

in engineering, should be eligible to enter such courses . This presents 
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some difficulties, which can only be met by planning the programme in 
such a way that scientists f irst fill in the gaps in their knowledge of 
such basic subjects as hydraulics, while engineers must undergo some 
preparation in biological and agricultural aspects, and probably also in 
geo-hydrology. Even if these formal post-graduate courses were r e -
stricted to civil engineering graduates, some elective choice of subjects 
should be provided, to allow for a degree of specialization within the 
specialty, as water engineering is a broad field. A course of, say, 
two compulsory subjects, and a choice of four more f rom a total of eight, 
might be a typical pattern. 

The School of Civil Engineering of the University of New South Wales 
has made an attempt at developing this kind of graduate school, although 
aiming more at pure civil engineering objectives rather than the broader 
concept of conservation generally. Progress has been disappointing. 
The number of students in the classes range f rom four to eight, sometimes 
rising as high as a dozen for the shorter special courses. The majority 
of the students are Asians. If the support f rom Australian students does 
not improve, this University, which must have regard for the relative 
economies of various courses , may have to discontinue its efforts to serve 
Australia in this rtBtter. (It is perhaps significant that Pro fessor J. P. 
Baxter, the Vice-Chancel lor , is Head of the Atomic Energy Commission, 
and yet has been one of the most powerful supporters of teaching and r e -
search related to water resources development). The only mcentive for 
academic staff to carry on these courses : is- that - arising f rom a spirit 
of service and technical interest. If their efforts were deemed to be of.no 
value, they must devote their energies instead to research instead of post-
graduate teaching. Only in research, in the academic world, does there 
exist the added incentive of promotion and material reward in due course. 

One must of course expect difficulties in fostering such courses , f i r s t -
ly because the concept of formal post-graduate training is a new one in Aus-

tralia, and secondly because young engineers have little incentive to carry on 



w i t h s t u d y b e y o n d the B a c h e l o r ' s d e g r e e . An e n g i n e e r , on g r a d u a t i o n , c o m -

m a n d s a s a l a r y of £ 1 , 6 0 0 p. a, o r m o r e , and the p r o s p e c t of s p e n d i n g a f u r -

t h e r y e a r at t h e U n i v e r s i t y at a s a c r i f i c e of £ 1 , 6 00 p lus f e e s , i s not a t t r a c t i v e , 

p a r t i c u l a r l y a s , in A u s t r a l i a , he r e c e i v e s l i t t l e if any r e w a r d f o r h i s ad -

d i t i o n a l q u a l i f i c a t i o n s w h e n app ly ing f o r an a p p o i n t m e n t . F o r g r a d u a t e 

c o u r s e s in h i g h w a y e n g i n e e r i n g , l i b e r a l s p o n s o r e d s c h o l a r s h i p s o v e r c o m e " 

t h i s p r o b l e m . It i s e s s e n t i a l t h a t s i m i l a r s c h o l a r s h i p s be m a d e a v a i l a b l e 

in w a t e r e n g i n e e r i n g , and t h e newly c r e a t e d W a t e r R e s o u r c e s C o u n c i l shou ld 

p r o v i d e t h e m . 

A d m i t t e d l y , a p e r i o d of two o r t h r e e y e a r s of p a r t - t i m e s tudy c a n 

a c h i e v e s u b s t a n t i a l l y t he s a m e r e s u l t as one y e a r of f u l l - t i m e w o r k , but 

s u c h a long p e r i o d i s not a t t r a c t i v e to young g r a d u a t e s . F r o m an e d u c a t i o n a l 

point of v iew it i s not as e f f i c i e n t . 

T h e o r e t i c a l l y r a w g r a d u a t e s in e n g i n e e r i n g and s c i e n c e s h o u l d f i r s t 

h a v e t w o y e a r s of p r a c t i c a l e x p e r i e n c e wi th l a r g e c o n s e r v a t i o n a u t h o r i t i e s 

b e f o r e r e t u r n i n g to the U n i v e r s i t y f o r a y e a r of f o r m a l g r a d u a t e t r a i n i n g . 

In e n g i n e e r i n g t h i s i s i m p r a c t i c a b l e . The h e a v i e r f i n a n c i a l s a c r i f i c e and 

t he i n v o l v e m e n t of the g r a d u a t e in t h e p r o m o t i o n a l s y s t e m of h i s e m p l o y e r 

m e a n s t h a t few wou ld r e t u r n . H e n c e the m a j o r p r o p o r t i o n of g r a d u a t e s t u d e n i s 

i s l i k e l y to c o n s i s t of s t u d e n t s who p r o c e e d s t r a i g h t on f r o m a B a c h e l o r ' s to 

a M a s t e r ' s d e g r e e ( f o r m a l c o u r s e ) . 

E v e n if the f i n a n c i a l and p r o f e s s i o n a l c l i m a t e c h a n g e d in s u c h a m a n n e r 

a s to m a k e g r a d u a t e s c h o o l s a t t r a c t i v e , t he m e a g r e p o p u l a t i o n of A u s t r a l i a 

m e a n s t h a t c l a s s e s wou ld be w a s t e f u l l y s m a l l if e v e r y U n i v e r s i t y o f f e r e d e v e r y 

t y p e of c o u r s e . E i t h e r t he two l a r g e r c e n t r e s - Sydney and •Melbourne - s h o u l d 

p r o v i d e t h e w a t e r r e s o u r c e s p o s t - g r a d u a t e t e a c h i n g f o r the who le of A u s t r a l i a , 

o r v a r i o u s s p e c i a l t i e s w i t h i n t h i s f i e l d shou ld be a l l o c a t e d to a p p r o p r i a t e 

U n i v e r s i t i e s . T h e g r e a t d i s a d v a n t a g e of the l a t t e r c o u r s e i s t h e i n t e r - d i s -

c i p l i n a r y n a t u r e of w a t e r r e s o u r c e s s t u d i e s . T h e c o u r s e s at t he U n i v e r s i t y of 

New South W a l e s s u f f e r f r o m the p r e d o m i n a t e l y c i v i l e n g i n e e r i n g a p p r o a c h , and 
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liaison with the University cf Sydney is desirable if geographic, economic 
and agricultural viewpoints are to be adequately presented, as is essential 
for properly integrated study. 
5. CONCLUSIONS. 

As a basis for discussion, the following suggestions are made 
as to future policy: -
(a) At the primary school level, the hydrologie cycle and associated 
biological concepts in their relation to the development of civilization should 
be embodied in the syllabi of appropriate subjects, and appropriate text 
books and teaching aids acquired or produced. 

(b) Similar action should be taken at the secondary school level at 
greater depth introducing the applications of mathematics, physics, chemis-
try and experimental methods in relation to appropriate hydrologie pheno-
menaa. 

(c) The Academy of Sciences should sponsor a committee representative 
of Universities and practicing water resources engineers and scientists 
to prepare recommendations for the consideration of the Australian Univer-
sities'' Vice Chancellors' Committee, the Water Resources Council, 
C. S. I. R. O. and similar bodies on:-

(i) Desirable undergraduate studies related to hydrology and 
water resources development; 

(ii) The nature and location of formal post-graduate courses of 
instruction necessary to service Australia in the broad field 
of water resources development; 

(iii) The provision of scholarships for formal post-graduate study; 
(iv) Grants necessary for equipment and staff to establish graduate 

schools on a sound footing; 
(v) Closer liaison between Universities, C . S . I . R . O . , and 

Conservation authorities in teaching and research. 
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