


AN ILLUSTRATIVE EXAIVIPLE OF 

EVALUATION PROCEDURES 

(DRAINAGE SCHEME - NORTH �C�A�N�T�E�R�B�U�R�Y�)�~�:�,� 

A.C. Norton & R.C. Jensen** 

1. Objective of the Investigation: 

To provide information on an �a�c�c�e�p�t�~�r�e�j�e�c�t� decision on 
the Osborne?s Drain Improvement Scheme. 

2. Scope of the Project: 

2.1 The scope of the project is to prevent flooding and to 
improve the efficiency of �d�r�a�i�n�a�g�e�~� so that the area 
can be developed to its full potential as high 
producing land. The accompanying plan shows the 
boundaries of the area and the location of the work, 
proposed in the scheme. All properties within the 
scheme will have a direct outfall into an improved 
channel which will be maintained in the future as a 
public drain in a classified rating district. 

2.2 In general the proposed scheme of work will be the 
provision of flood pumps at the site of the present 
Osborne's Drain floodgates and the enlargement of the 
present channels to contain all flood waters except 
under extreme rainfall. Under average winter 
conditions, it is assumed that the surface level of the 
water in the main channels will be 3 ftc below ground 
level, in order to keep the ground water level (which 
is saline) below the root zone of all plants. 

* This evaluation has been prepared in accordance with the 
procedures set out in the paper �·�~� "The Economic Evaluation 
of Investment in Large Scale Projects = An Essay to 
Recommend Procedures" by R.C. Jensen which is published 
in the Proceedings of a New Zealand Seminar on Project 
Evaluation in Agriculture and Related Fields, Lincoln 
College, Agricultural Economics Research Unit Publication 
No.4S) 196S. In general, this report is a modification of 
an economic report prepared by A.C.Norton for the North 
Canterbury Catchment Board in February �~�9�6�3�.� 
Wherever possible data has been brought �u�p�~�t�o�-�d�a�t�e�.� 
Nevertheless1 it should be read and understood, primarily 
as a type example and not as a re-evaluation of the 
Osborne1 s Drain Scheme. The permission of the North 
Canterbury Catchment Board to reproduce data is gratefully 
acknowledged. 

** A.C. Norton �s�i�f�i�e�r�~� North Canterbury Catchment Board" 
R.C. Jensen Lecturer in Economics, Lincoln College. 
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2.3 Extending in a north-westerly direction from near the 
mouth of the Halswell River» the major part of the 
Osborne's Drain catchment 1 prior to European settlement» 
would have been a shallow bay covered by the high 
levels of Lake Ellesmere. In 1889 the Government 
constructed the Halswell Canal and the spoil on the 
right bank from the end of the high ground just 
downstream of Hodgents Bridge for some 130 chains 
towards the Lake formed a substantial embankment~ a 
bank known as Osborne's Bank was constructed at 
approximately right angles to it in a westerly direction 
for about 83 chains where it merged into high ground 
near the present Greenpark Huts. Osborne 7 s Bank 
which has a top width of 10 ft. and a height of 8 ft. 
above M.S.L. is stone faced on the Lake side. The 
westerly side of the catchment from the end of 
Osborne's Bank is protected from Lake Ellesmere by 
land which varies between 7 and 8 ft. above M"S.L. 
while on the N.E. and N.W. perimeter there is the 
boundary with the Halswell River catchment with 
levels in excess of 8 ft. The accumulation of 
water in the area is due solely to the run-off from 
rainfall and not from any spring action. The line 
of Osbornews Drain follows road and drain reserves 
laid off at the time of the original land surveyso 
The drain at present discharges via a manually 
controlled floodgate direct into Lake Ellesmere. 

The scheme envisages that the water at present 
discharged into the Lake by four drains (not floodgated) 
located to the west of Hudson's Road between the 
Greenpark Huts and Jarvis Road and the small floodgated 
drain at OM 27.43 chains on Osborne's Bank will be 
brought to the pumping station located at the present 
Osborne~s Drain ·floodgate. The acreage of occupied 
land within ·this proposed catchment of the pumping 
system is 3,944 acres. 

The characteristic features of the area are: 

2.3.1 The extreme flatness and low lying nature of the land. 
From Osborne's floodgate along the line of the drain 
to near the top of the catchment at Hudson's Road the 
ground level rises 3.71 ft (2.81 ft to 6.52 ft.) in a 
distance of 4 miles 44 chains. The area of land below 
the 6.5 ft. contour is approximately 57% of the total 
catchment. 

2.3.2 The area of land flooded and the duration of the 
flooding on some occasions. It is estimated that 
during periods that Lake Ellesmere is at high levels 
for several weeks, 800=·1 ~ 000 acres are flooded. Of 
the land not flooded, upwards of 2,500 acres has 
severely impeded drainage with the water-table 
virtually at ground level. 
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2.3.3 The salinity of the soiJs. It is estimated that 
2,106 acres, at the lowest levels, is of medium 
salinity with patches of high salinity 1 a further 
1,452 acres is weakly saline with some areas of 
medium salinity and 386 acres on higher ground on 
the margin shows nil or slight signs of salinity. 

2.3.4 The low production from poor quality pastures on the 
areas of medium and high salinity which is also the 
region where flooding occurs. On average grazing 
is only available for about six months of the year. 

2.3.5 The complete absence of stock shelter on all but 
the highest ground in the catchment. The region 
is very exposed to both the north east wind which 
whips down out of Gebbie's Pass) after being 
funnelled there by the configuration of the Lyttelton 
Harbour and the winds from the southerly quarter. 

2,4 There are 19 holdings completely or partly within the 
Catchment. . However~ as 5 of the whole or part 
properties (65 acres in area) are located on the higher 
ground and will receive no benefit from the proposed 
work, they have been neglected in the subsequent 
analysis and estimates. The area of the 14 properties 
is 3,879 acres within the catchment and 1,196 acres 
outside the catchment, to give a total of 5,075 acres. 
Of the 3~879 acres, 669 acres on 6 properties are 
held under L.I.P. tenure and the balance is freehold. 

3. Viewpoint of Investigation: 

The investigation of the scheme is from the national 
viewpoint. Externalities to the New Zealand economy are 
not likely to be significant and therefore have not been 
included in the calculations. 

4. Present Production: 

The present production is as follows:­

The stock carried is for the total area 
(within and outside of catchment) while the 
for land completely within the catchment. 
properties have va.rious combinations of the 
production" 

of the properties 
crop acreages are 
Several of the 
various types of 

T ,.,-.·n supply dairy cows 

Butterfat Supply 
dairy cows 

Beef Cattle 
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8 properties, 344 milking 
cows and 130 replacements. 

3 properties, 72 miling cows 
and 43 replacements together 
with pigs. 
3 properties, 77 head of 
various descriptions. 



Grazing Cattle 

Fat lamb production 

Barley 
Perennial rye-grass 

seed 

5. Expected Future Production: 

2 properties, 85 head of 
dairy heifers and cows. 
6 properties, 4,455 ewes with 
951 replacements. 
3 properties, 69 acres. 
l property, 30 acres. 

The constrc1ction of the proposed work will allow each 
farmer tocarry out developmental work within his own property 
with a resulta~t increase in production. The areas of the 
differing bene~its within the 3,879 acres are estimated as 
follows: 

Major benefit 2,106 acres - low lying land below the 
6.5 ft. contour which on 
average is of moderate 
salinity. 

Minor benefit 1 » 452 acres ~· land about and immediately 
above the 6.5ft. contour 
which on average is 

No benefit 321 acres 
weakly saline. 

- land at the highest 
elevation in the catchment. 

The 1961 Government Capital Value of the 2,106 acres 
(no homestead sites included) is $125 1 640 or $86.60 per acre. 

In assessing the increase in carrying capacity and crops 
it has been assumed that the present types of farming continue 
in the future under the present efficiency of management. 
After 10 years of development work the following is the 
estimate of the increase in stock numbers and crops for the 
benefiting area of 3,558 acres. 

Town supply dairy cows 
Butterfat supply dairy cows 
Dairy Replacements 
Beef cattle ~ breeding cows 
Ewes on fat lamb production 
Other sheep - hoggets & rams 
Barley - acres 
Rye-grass seed - acres 

86 
29 
36 
50 

= 4' 225 
509 
146 
30 

6. The Period of Analysis and Discount Rate: 

The analysis has been taken to infinity and the discount 
rate at 5~ per cent. 

7. Costs and Returns: 

The costs and returns are set out in Table I. The 
following provides some details on the preparation of the 
figures. 
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7.1 The Scheme costs (Row A) of $42,000, obtained from the 
engineering report includes the estimated expenditure 
on~ pumps; electric motorsj pumping well and 
foundations; building at pump site; improvements to 
just over 8 miles of drains; culverts~ and engineering 
fees for supervision once the work commences. 

7.2 The maintenance (Row B) is the estimated annual charges 
to clean the 8 miles of drains; labour for regular 
checking of pumping station, screens and electrical 
equipment; insurance of building and plant; plant 
maintenance and the power charges to pump out drainage 
water, plus water used in de-salting and or irrigation 
of the land. 

7.3 The sinking fund (Row C) is the amount of moner which 
has to be set aside annually and invested at 5z per 
cent compound interest in order to have $8,000 
available to pay for the replacement of the pumps and 
motors at the end of twenty years. $8~000 represents 
the anticipated purchase price of pumping equipment. 

7.4 Row D - (the summation of rows A~ B, & C) - is the 
total of the direct costs. 

7.5 The annual land development costs (Row E) also 
includes the increase in capital outlay of new 
buildings, plant and additional livestock required 
as a consequence of the land development. It is 
assumed that these costs will be incurred as equal 
increments over a five year period. The details of 
the total costs are in Appendix I. 

7.6 Row F is the increased annual farm running costs 
incurred in obtaining the increase in gross farm 
returns as outlined in 7.9 below. Included in 
these costs is the running expenses, repairs and 
maintenance and depreciation of the items under land 
development and capital outlay in 7.5 above. The 
increased annual costs at the end of 5 years are 
given in detail in Appendix II. 

7.7 Row G - {the summation of rows E & F) - is the total 
of the indirect costs. 

7. 8 Row H ·~ (the summation of rows D. & G) - is the total 
of the annual costs. 

7.9 The increase in annual gross farm returns (Row I) is 
the monetary value of the expected increase in future 
production given in paragraph 5. Details of the 
increased returns) at the end of the 5 year development 
period, are in Appendix II. 

7.10 The net annual returns or the direct benefits (Row J) 
obtained by subtracting Row I from Row H. 
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7.11 The cost of investigations for the scheme, estimated at 
¢1,615 have not been included in any of the costs as 
set out in Table I. 

8. Technical_Change: 

8.1 In the "without" situation there is no possibility of 
increased technical efficiency giving any increase in 
returns from the area. The drainage and local flood 
problems of the region place an absolute limitation on 
how the area is used without a scheme. 

8.2 In the "withn situation it is anticipated that technical 
change in this area as well as the country as a whole 
will increase gross returns. This has been allowed 
for in the increased annual gross f3.rm returns (Row I) 
at the compounded rate of l~ per cent. 

9. Input Prices: 

Throughout the country input prices are increasing. 
Therefore, cash flow streams of Rows E 3 and F have been 
increased by the compounded rate of 2~ per cent. Annual 
maintenance costs (Row B) are not expected to increase in 
the long term. Technological improvements in drain 
mainten~nce methods, will possibly lead to lower maintenance 
costs, and these are assumed to compensate for increasing 
pumping costs. 

10. Discounting_Analysis: 

The discounting procedures applied to the costs and 
returns are detailed in Table II and Table III. 

11. Results: 

The results can be summarised as follows:-
From Table III - Present Worth of Returns = 1,801,536 ---(V) 

n 11 II ~· H " 11 Costs o 1,641~199 --~(C) 
The present worth cf the net returns or the direct 

benefits of the project 
"' (V ~-C) 
= $160,337 (which is positive) 

The returns/costs ratio = y 
c 
1.098 

12. Policy Conclusions: 

12.1 The economic benefits ~ that is the net present worth 
of the project are estimated at $160,337. This amount 
does not include any allowance for indirect benefits 
which we feel are insignificant and need not be 
considered in the decision to accept or reject the 
project. 
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12.2 The authors consider that from the national 
viewpoint there is economic justification for 
proceeding with the project. 

12.3 The report does not include any information on 
the financing of the project which could be the 
subject of a separate report. 

APPENDIX I 

Estimate of development and increase in capital outlay. 

Development costs - per acre 
Internal farm drainage 
Farm Shelter 
Sub-division fencing 
Fertiliser 
Seeds 
Cultivation 
Stock Water 
Lucerne establishment 
De-salting 

On 2,106 acres at 

New Buildings 
Two houses and layouts at 

$9,000 
Hay barns 

~Jew Plant 

$9.00 
7.50 

19.00 
27.00 
11.00 
11.50 

2.00 
1.00 

22.00 

$110.00 = 

$18,000 
3,000 

One tractor and hydraulic fittings 

Additional Livestock 

115 cows at $100 
4,225 ewes at $4.30 
84 rams at $18 
50 beef breeding cows 
1 bull (beef breed} 

at $100 

,$11' 500 
181168 

1,522 
5,000 

150 

TOTAL development and capital outlay 
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$231,660 

$21,000 

$3,000 

¢36,340 

$292,000 



APPENDIX II 

(a) Increase in annual gross returns at the end of 
5 years. 

Town Supply Dairying 
Butterfat Dairying (including 
Beef Calves 
Cull Cows 
Fat lambs 
Wool 
Cull ewes 
Barley 
Perennial rye-grass seed 

Pigs) 
$18~920 

2,726 
1,260 

262 
15~100 
17,768 
2~680 
69 204 
11080 

$66,000 

(b) Increase in annual farm running costs at the end of 
5 years. 

Stock purchases 
Dairy shed expenses 
Veterinary expenses and animal health 
Herd testing 
Crop harvesting 
Machine dressing and certification 
Freight and cartage 
Feed charges 
Fertilizers 
.seeds 
Weeds and pest control 
Wool expenses 
Vehicle and motor expenses 
Repairs and maintenance 
General and unforeseen 
V./ages 
Rates 
Insurances 
Depreciation 

111 

$59415 
480 
810 
105 

l ~ 405 
200 

1~900 
1»350 
4~680 
lj040 

885 
l»Lc25 
2j105 
5j860 

660 
7»750 
1»220 

220 
2»490 

$409000 



TABLE I - PROFILE OF COSTS AND RETURNS 

ROW YEAR --- l 2 3 4 5 6 
DIRECT COSTS: 

A scheme $42,000 
B Annual Maintenance 

of Scheme 2,400 2,400 2,400 2,400 2,400 2,400 
C Sinking Fund 230 2.30 . 2.30 .. 2.30 .. 2.30 . 2.30 --D TOTAL DIRECT COSTS: $44,630 $2,630 $2' 630 $2 ~ 6.3 0 $2~630 $2 ~ 630' 

(A & B & C) ---
INDIRECT COS!S: 

E Annual lan·d $58,400 59,860 61,356 64,462 66,074 
development costs 

F Increase in annual 
farm running costs 8,000 16,400 25,215 34,460 44~152 45,256 

$66,400 76,260 86' 571 98,922 110 226 45,256 
(\j 

G TOTAL INDIRECT COSTS: " ' " (E & F) ---
H TOTAL ANNUAL COSTS 

47,886 (D & G) $111,'030 78,890 89' 201 101,552 112,856 

I Increase in Annual 
Gross Farm returns $ 13,200 26,796 40,797 55,212 70,050 85,321 

J NET ANNUAL RETURNS or 
DIRECT BENEFITS -$97,830 -52,094 -48,404 -46,340 . ~42, $06 . +37, 43 5 .. 
(H - I) 



TABLE II ~ PRESENT WORTH OF COSTS 

Discount Rate 5~% 

(a) Years l to 5 

Year:- l 2 3 4 5 
From Table I Row H 111,030 
Present Worth 

78 890 89 ~ 201 1C>l~552 112~856 

Factor .94787 .89845 .85161 .80722 .76513 
Present Worth 105,242 70~879 75,964 ;31~975 86,350 

TOTAL PRESENT WORTH YEARS 1 to 5 = $420~410 
(b) Years 6 to infinity 

Present Worth of years 6 to infinity, at the end of year 5 is capitalisation 
of uniform cost stream 

= t47,886 X 33.3333 
= $'1,595~531 

Present Worth at beginning of year 1 of 
5 years 

"'$1~595,531 X .76513 
= $1,220,789 

(The capitalisation rate should be the 
discount rate less the rate of increase 
in unit costs in this case 5~% less 
2~% = J%. This provides an 
approximate true discount rate.J 
$1,595,531 is that sum discounted for 

(c) Total Present Worth of Cost Stream - Years 1 to infinity 

Total Present Worth - {a) + (b) 
= 420,410 + 1,220,789 
-· 1 '641 '199 



TABLE III - PRESENT WORTH OF INCREASED RETURNS 

Discount Rate 5!% 

{a) Years l to 5 

Year: l 2 3 4 5 
From Table I -

Row I 13 '200 26,796 
Present Worth 

40,797 55,212 70,050 

Factor .94787. .89845 .85161 .80722 .76513 
Present Worth 12,512 24,075 34,743 44,568 53,597 

TOTAL PRESENT WORTH YEARS l to 5 = 169,495 

(b) Years 6 to infinity 
Present Worth of years 6 to infinity at the end of year 5 is 
capitalisation of uniform return stream 

= 85,321 x 25.00 Capitalisation Rate = (5~ - 1~)% = 4% 
= 2,133,025 

P~esent Worth at beginning of year l of 2,133,025 is that sum discounted 
for 5 years 

= 2,133,025 X .76513 

= 1,632,041 

(c) Total Present Worth of Increased Return Stream - Years l to infinity 

Total Present Worth = {a) + (b) 
= 169,495 + 1,632,041 
= $1,801,536 



RECOMMENDATIONS FROM RESEARCH ON PERSUASION FOR 
SOIL CONSERVATORS 

A.T.G. McArthur B.Sc.(Agr.) M.Agr~Sc. 
Senior Lecturer in Rural Education 

Lincoln College 

Because of the demands of propagandists and advertisers 
a considerable amount of research has been undertaken by 
social psychologists on the technique of persuasion. The 
purpose of this paper is to bring to the notice of soil 
conservators those practical findings of this research which 
seem relevant to obtaining agreement amongst property owners 
for a 11 community scheme". 

In general the research work suggests that a logical 
and sincere approach produces the desired results and that 
tricks and gimmicks which may give short term results should 
be avoided. 

Needs and Motivation 

A community scheme which meets the perceived needs of 
the people within a district is likely to be adopted as 
long as it is expected to put money into the pockets of the 
residents) reduce their risks, increase their pride of 
ownership and save them work. Of course the scheme may do 
these things but the ratepayer may not perceive this. 
Hence the words "perceived needs" were underlined above. 

This principle is central to advert±sing and promotion. 
"Find out the needs of your customers and then show how your 
product meets their needs", is the advertisers motto. You 
will notice that advertisements stress benefits rather than 
specifications. Hatters say that a hat makes young men 
look more mature and old men look younger rather than 
referring to the technical specifications of the hat. 
Similarly soil conservators should attempt tc show farmers 
that the benefits of a scheme far outweigh the costs rather 
than stress the technology of the scheme. The cusecs of 
water~ the kilowatts of electricity and the cubic feet of 
concrete are specifications~ but the farmer wants to know 
the net benefits to him. 

In order that the individual farmer may perceive the 
outcome of the scheme in clear cut terms, it may be necessary 
to evaluate the effect of scheme on each farm and show him 
how.he can exploit the scheme to his benefit. Because this 
will involve development budgeting~ I hope that soil 
conservators will use the computer programs now available 
to remove the tedious arithmetic.! 

1. Computer Program for Development Budgeting. 
K.T. Sanderson and A.T.G. McArthur. A.E.R.U. 
Publication No.45~ 1967. 
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There is one difficulty which makes it hard for some 
soil conservators to see things from the farmer's point of 
view. All professional groups tend to develop their own 
value system and there is a tendency to attempt to impose 
this system of values on others. Veterinarians feel badly 
about infected stock and want farmers to feel likewise. 
Some accountants feel satisfaction in a high level of equity 
and want businessmen to feel the same way. Similarly soil 
conservators feel badly about slipping hillsides and tend to 
expect farmers to have the same sense of values. This 
ethnocentrism sometimes leads soil conservators to overvalue 
the outcome of soil conservation measures from the farmers 
point of view and this tendancy has to be restrained. 

~s?sage Formulation 

There is now a considerable amount of experimental 
dence about whether a message should be formulated to 

ve only the pros or ~hether it should also include the cons. 
results of many experiments indicate that two-sided 

messages (where the pros outweigh the cons) are more 
effective in causing opinion change than one-sided messages 
under these conditions.2 

1. When the other point of view will be presented from 
another source. 

2. When the persuader requires a long term rather than a 
short term response. 

3. When the audience is well educated. 

These three conditions appear to fit the description 
of the majority of landowners vot].ng for or against a scheme. 
Hence it would seem advisable to stress both the benefits 
and the costs of a scheme but to point aut that the benefits 
outweigh the cost. 

Credibility of a Source 

There will be more opinion change in the desired direc­
tion if the communicator has a high credibility - a technical 
term which has become generally well known due to the so­
called credibility gap of the present American administration. 
People accept a communicator as credible if they accept him 
as an expert and as trustworthy. 

One schnique in this kind of research is to subject 
experime~tal groups to the same taped persuasive message 
and to measure opinion change with a questionnaire. In 
one group the tape is attributed to a credible source and 
to another the taped message is attributed to a non­
credible source.3 

2. Harland) C.I.et.al. Experiments on Mass Communication, 
Princeton Univ. Press 1949. 

3. Harland, C,I,et.al. Communication and Persuasion. 
Yale University Press, 1953. 
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Research work indicates that the motives attributed to 
the communicator can affect his success in influencing an 
audience. This gives the government servant an advantage 
in New Zealand when it appears that he lms no personal axe 
to grind. 

Work in this field supports the view that an organisation 
and its staff must build up confidence with farmers. Short 
run tricks to in acceptance of an issue ~ may lead to a 
credibility gap which can make further persuasion difficult. 

Participation 

Many experiments have shown that audience participation 
aids the persuasion process by overcoming resistance.4 

This notion has become firmly entrenched in our buzz 
group system of running conferences where decisions are 
made. In dealing with farmers we must build an effective 
grass roots organisation so that people feel that the scheme 
is theirs even though the numerous committees never seem to 
do much and cause delays and frustrations. They are not 
so much a part of the decision making system, they are part 
of the persuasion and educational process. 

Contrary Attitudes of Influentials 

Certain individuals within a group have a greater 
influence on opinions of others than their numerical strength. 
If these influentials have attitudes contrary to a scheme 
they may wreck it. It may be worthwhi.1e identifying 
influentials within a committee or within a community and 
exerting more than average persuasive influence on them. 
In doing this it is worthwhile considerir:g factors which 
may underlie their attitudes. These causative factors 
can be classed as follows.5 

(a) Factual cause. Here the attitude arises from past 
experience and the expectations based on this past 
experience" If a farmer planted trees at the head of 
a gully to stop it spreading found that he had to 
clear up both trees and debris instead or just debris 
after a bad slip, then on this experience he may have 
developed unfavourable attitudes towards soil 
conservation work. Such attitudes can be changed 

4. Lewin~ K. Studies in Group Decision in Cartwright and 
Zander "Group Dynamicsn Row, Peterson 1953. 

5. Sarnoff, Io and Katz, D. The motivational basis of 
attitude change" J" Abnorm. and Soc. Psychol. 49: 
115, 1954. 
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(b) 

{ c) 

with new facts and by persuading him that he is making 
a hasty generalisation based on inadequate experience. 
Social cause. Some attitudes are based on the opinion 
of those in the group to which the individual belongs. 
If all the people within an individual's group are 
against a conservation scheme, it may be difficult to 
get him to change his mind. In general, it is best 
to change all the people within his group concurrently 
or transfer him to another group who have pro attitudes. 
For instance a committee man subject to the pressures 
of conservative opinion in the local gentlemen's club 
may change his opinion if he can be persuaded to spend 
a day with an enthusiastic discussion group who want 
the scheme. 
Ego defensive causes. Attitudes can have an ego 
defensive basis. There occur in many ways. One may 
despise nongraduates in order to inflate one's limited 
ability. Such attitudes are likely to be persistent. 
Other ego defensive attitudes extinguish in time. 
For instance a farmer may have committed himself to a 
belief that the scheme won't work and any withdrawal 
from this viewpoint would mean loss of face. He 
obtains satisfaction from his present response of 
being pig-headed. Continued persuasion may merely 
reinforce this existing response. However by 
abandoning the issue for a period of time his response 
may extinguish. In fact such individuals have been 
known to become enthusiastic protagonists. 

In general the more objective and factual one can be in 
evaluating a scheme and the more farmers learn about it, the 
less likely socially and ego defensively induced attitudes 
are likely to arise. Implementation is likely with real 
understanding. If there are no facts and farmers cannot 
understand the scheme (because of its complexity) then 
persistent and contrary attitudes which impede implementation 
are likely to cause delays.b 
The use of cost benefit studies both for the district and 
the farm seem to be indicated together with a painstaking 
educational programme where necessary. 

Conclusion 

The conclusion from this paper suggests that a sincere 
and logical approach to persuasion is likely to lead to 
implementation in the soil conservation field. 

General Reference 

"Persuasion. How Opinions and Attitudes are Changed" 
H.I. Abelson, Springer, New York. 1959. 

6. Churchman, C.E. and Ratoosh Po Innovation in Group 
Behaviour. International Conference on operational 
Research 2nd, p.l22, Aix-en~Provence, 1960. 
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DECISION AND SCHEDULING PLANS FOR SECURING 
DISTRICT AGREEMENT ON SOILCONSERVATION 

AND RIVER CONTROL PROJECTS 

AoToGo McArthur 
Senior Lecturer in Rural Education 

Lincoln College 

One of the key factors in the success of soil 
conservation and river control work is the vital step of 
securing agreeme~t amongst property owners that the scheme 
should go ahead. It is frequently this step which delays 
a proJect and hence reduces its value.2 This paper lays 
out a procedure for deciding on the methods to use and 
suggests a way of scheduling these methods" These procedures 
have proved successful in extension plan~ing and can be 
expected to be equally useful in soil conservation work" 
The paper does not lay down a recipe for persuasion" I 
assume that each case will be different and will require a 
different strategy. · 

The purpose of the decision phase is to select the 
optimum strategy mix (or combination of extension methods) 
which lies within the resources available so as to maximise 
the probability of securing agreement after a given time 
elapse. This part of the procedure has the advantage of 
making those concerned define their objectives clearly 9 and 
makes them conceive, evaluate 1 and select an optimum strategy 
mix. 

The purpose of the scheduling phase is to draw up a 
schedule of activities and hence commit members of an 
organisation to an agreed upon plan" This ensures that 
priori jobs get done and that unimportant j bs do not 
cause side tracking. It also provides a fo us for 
co-ordination within and between organisations co-operating 
on the project. 

A schedule of activities is an extremely valuable tool 
for the administrator who has to control the project. 
Ideally there should be a system of feeding back information 
about the progress of the project so that the administrator 
can make modification from time to time. I will not be 
elaborating on feed back systems in this paper" 

l. I am grateful to Mr. Alan Norton of the North Canterbury 
Catchment Board for briefing me on the activities of 
soil conservators. 

2. I a,ssume thc.1 t 
projects have 
the nation. 
sooner rather 

all soil conservation and river control 
a positive value both to the farmer and 
As human beings prefer benefits to arrive 
than later, delay reduces value. 

Agricultural Economics Paper No.435. 
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Decision Phase. 

l. Definition of the objective. 
Having clear cut objectives is half the battle in 

planning. It not only makes for good decision-making but 
it also provides the motivation to execute plans which have 
been made. Objectives can be defined in a variety of ways: 

(a) 
{b) 

( c) 

Achieve a given objective '."lith a minimum cost. 
For a given cost (or set of resources), maximise 
the level of the objective (e.g. profit). 
Maximise the probability of obtaining the 
objective within the resources available. 

The last way of expressing the objective (c) seems the 
appropriate way of defining the objective for securing 
agreement on soil conservation and river control projects. 

Beware of the fallacy which attempts to get the maximum 
for the minimum. The minimum means expending no resources 
on attempting to influence the district about the scheme. 
We can expect no result to come from such a strategy! 

2. Diagnosis of factors likely to hamper agreement being 
reached. 

Here those concerned with making the decision should 
list the key factors which may stop farmers voting for the 
scheme. Each situation will be different. They could be: 

(a) 

(b) 

( c ) 

( d) 
( e ) 

Lack of information on the costs and benefits of 
the scheme by individuals. 
Low income of some farmers preventing them 
capitalising on the scheme. 
Nearness to retirement by older farmers thus making 
long term development (because of scheme) 
unattractive to them. 
Negative attitude of influential property owners. 
Destructive and irresponsible criticism by 
Government Departments in the district. 

Such a listing at least ensures that these key factors 
have been considered and often such a diagnosis results in 
sub-objectives in the final plano The above set of factors 
could result in these sub-objectives: 

"All farmers in the scheme to learn the cost and 
benefits for them to be derived from the installation 
of the scheme."(a) 

"Co-operation of other Government Departments be gained 
before selling scheme." (b and e) 

"Influential property owners (with negative attitudes) 
to have attitudes to the scheme changed positively.n(c) 

A diagnosis of 
being split up into 
tackle by itself. 

key factors often results in problems 
bits, each of which is quite simple to 
Frequently a problem breaks itself up 
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into a sequence of sub-problems such as is shown below: 

Board's 
to look 

J Scheme 

Agreement 
into 

Agreement in 
principle by r-~ 
Farmers 

Final 
Agreement 

Here the problem of securing final agreement can be 
broken up into three sub-problems: the problem of getting 
the Board's agreement to look into the possible scheme, the 
problem of getting agreement in principle 1 and the problem 
of securing final agreement. This gives a sequence of 
objectives which require their separate strategies. Each 
can be scheduled as the time comes. 

Sometimes problems can be analysed by way of means-end 
analysis. The diagram below shows a means~end analysis3 
used in an extension plan made out for the Development of 
the Hokianga County.4 

Means-end Anaaysis of Factors in the 
Development of Hokianga 

fBetter Land Use 

Income/.\per head~ 
~··ie~-d-u_c_e_d_C_o_s_t_s--r/ 

c "[' 

I Better communications 

-, . e er - Development ~· B tt . ·· , 

l . Management 
Inve~tment]~ .~ · 

Potential ,..-----.._[ __ ~ ~- Presen~ 
new farmers I Farmers 
~ Lending 
~ Institutions 1 

··;-------r...:...-.-~-~--_...___, 
CHANGES IN KNOWLEDGE AND 

This analysis indicated that extension activities should 
aim at .. ,changing the knowledge level and attitude of 11 potential 
new settlers" 3 "present farmers!! and "2.ending institutions" 

3. See TTThe process of managementn Newmanl W.Hc~ and 
Summer, C.E. Prentice Hall~ New Jersey, U.S.A. 
Cpt.l2 p.255. 

4. 11 An Extension Plan for the Hokianga Countyn~ A.T.G. 
McArthur, and John Askew. Auckland Advisers 
Conference l96cL 
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towards farm development in Hokianga. As a consequence the 
extension plan was geared to these three audiences. 

The term means-end derives from the fact that in a 
situation such as the one depicted above, a means becomes 
an end as we move back down the chain. Greater income per 
head is the final objective. This can be brought.about by 
means of development. This means becomes an end when we 
consider means of bringing about development, nsetter La.nd 
Use", "Investment" and nBetter Management". The means of 
Better Land Use becomes an end when we encourage farm~rs 
from outside the district t"'Obuy several farms and amalgamate 
them. 

3. Limit Within Which Plans must fall. 
Only a certain amount of resources of men and money 

can be devoted to a particular project within an organisation. 
It is usual for management to decide initially how much cash 
and man-power it can devote to reaching agreement on a 
project. This will in part determine the methods that can 
be chosen. 

Most organisations can depend on gaining co-operation 
from other organisations within the district, government 
departments, the press, N.Z.B.C., and farmers organisations. 
It can be worthwhile using the resources of these 
organisations too. The plan then becomes a centre of 
co-ordination and co-operation. 

4. Possible Strategies. 
It is usually better to think up as long a list as 

possible of strategies before evaluating them, and then 
selecting the mixture which lies within the resources 
available. Being critical of strategies (which is essential 
when evaluating them) tends to stultify creativity. 

For a soil conservation-river control scheme, the 
following strategies might be of value: 

Sl Tour to ~nspect a similar scheme. 
82 Field day on farm making good use of similar scheme. 
83 Regular circular letter to farmers about scheme. 
84 Strategic visits to influential farmers by Board 

staff. 
85 Visits to all farmers to explain scheme by Board 

staff. 
36 "At Homesn by Board Chairman and staff to explain 

scheme in several locations during a week. 
87 National Farming Paper success stories about 

similar schemes. 
S,g Exhibit at local A and P show with staff in 

attendance. 
89 Meeting about scheme with prestige speaker. 
810 Unstructured small group meetings about district 

problems. 
811 Briefing and dinner for associated organisations. 
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5. Evaluation and Selection. 
Predicting the effect of a strategy is extremely 

difficult because there is scarcely any information about 
the relative effectiveness of methods of communication. 
Furthermore such research is extremely difficult to do 
because the effect of a method is likely to vary with the 
user~ the audience and the message. To make it more 
complicated methods interact. We therefore have to apply 
some judgement about the expected value of a method. 

The best procedure is to rank the possible strategies 
in order 6f value. Then score the highest ranking strategy 
as 100 and score the expected value of the other strategies 
relative t6 this. Next calculate the cost (in terms of 
staff days) for each strategy and calculate the expected 
value/cost ratio. The results of these steps are shown 
below~ 

Strategy Relative Cost Value/ 
Value (in staff days) Cost 

~-

s5 100 50 2.0 

s 
6 50 10 50 0 

sl 35 10 3.5 

s3 30 8 3.7 

s4 20 15 L3 

s2 15 5 3.0 
,.... , r. "' , I 

0 11 J..U ( J..o4 

s10 10 20 0.5 

s7 5 1 10.0 2 

s9 4 2 2.0 

ss 3 30 0.1 

After this, rank the strategies in order of their 
value/cost ratio and calculate the cumulative cost. Select 
down the list until the cumulative cost equals the time 
available. If 86 days were available (this is the limit 
within which selected strategies must fall) then we would 
select s 7 5i S6 3 s 3 ll s 1 , s 2 , s 5 and s 9 as shown on following 
page. · 
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Strategy 

S6 
SJ 

Va.l 

3. 5 

C Ltt:tl ti v·e Cost 

28~ 

33~ 
, .. J- 1 () 2 

This procedure will not be tremendously accurate but at 
least it will prevent the least e icient strategies getting 
into the scene. using n ers instead of words to 
represent judgement of value it often becomes clear that 
certain f:ltrategies cost a great deal and 2 .. r-e probably not 
very. effective. 

Scheduling. 

A schedule pro'.rides a liEs ticg 
performed, their s; 
t timing. It 
staff and CO-· c·; :isat::i.c·, 
schcriule so thi'O't eu~,.,.., .... 
L1 Lhe planning. 

) ()~·;·:--.·.; J.11g f!JlJ.E~; 
:L ;3 d. e ~;_·, ~l. fl ~~:; +~ h ,e ·b 

EtS D. '('CSult 
rJct:Lvity--- i.s Et 
the co~c:;ts and 

+· \,• 

rllJ.rf"-'03€ l/IJO'U.l.d (){:~ 11 I; . .::.r~.cn(;f"S 
oi' st. banlG3 
t C? t~ e :fa. I~ 1Tl ·F.~ 1e"l· ~3 

a.rl<i ~-··lJrn:;-Js. 

re:::; 
inc 
tc) vot~e .f()f'" 3c 

i\ clear~ 

planning any 

The fu1lo:; 
previously 

e is 

c1 Et hypothet 
:? trategie:3. 

l 1' ll -.r\ ft 

Ccmmerc•.? 
'J2L; 

of the 2ctivities to be 
who is responsible and 
~&11 meet with both 

) help dravv up 
r· t·11r1.i t y c 

is n_e)t 

an overt 

important guide to 

ic:·ul t ur-~::; l Bu1l,~:t 



' 

Schedule for Scheme 

Da_t~e s cjfic Purpose lVIethod 1JJh.o ret>pon~;;ib1e 

Tv1ay 
/ 

F:irmurs be Circular Soil Con.l b to 
informed about letter 
general of 

i 
nature 

scheme and fo~~th-
coming tour. 

,Jlme 3 Far·mE~rs t,o learn Tour Soil CC)I1el 

costs and benefj_ts Soil Con. 2 
(generally) of E'AO (D.c;f A~0 

\ 
I 

scheme SoC·. 0 0 \ f\'IQV\r 
Engineer 

,July l Farmers to be Circular Soil Con.1 
informed about letter 
results of tour and 
learn of forth-
coming field day. 

<July l F:clrmerE3 to learn Individual Cl • l 
001~- Con.l 

- 19 of co:;t and Visits Soil 0 ~, 

vOn.,;_ 

benefit on their 
f' ar~rns of the scheme 

July Farmers to be Field Day Soil Con.l 
22 ormed about Soil Con~ 2 

CtJSts and benefits FAG (D.of A. 0' \ 
... '"l.f::;J " J 

of scheme (gener- S~CoO~ (f"U•' 1 "l 'l-1 J 

ally) 
etc. etc. 

It is useful to have a Bar chart which shows what 
activities should be in progress in any one week. 
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Activity 

Prepare 
circular 
letter 

Prepare 
for Tour 

Visits 

Prepare 
for 
Field 
Day 

Bar Chart showing Activities Associated 

\Ali th the Scheme 

Apr. I May I May June June 1 

26 ,13 27 10 24 

I : 
X- ' x ........... 

I I 

I 
X X- I 

I X 
i 
I 

X-

July 
8 

I 

I 

X-

This scheduling takes a great deal of effort out of 
running co-ordinated activities of this kind. It also 
makes it clear to outsiders that extension officers know 
what they are trying to achieve. 

Conclusion. 

July 
22 

~ 

There is no strange and mysterious process for persuading 
people to a particular viewpoint. The key factor is to go 
about it in a logical and systematic way. It is hoped that 
as a result of this paper soil conservators will adopt a 
planned approach to their work with the same alacrity that 
they hope farmers will adopt a planned approach to farming. 
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~3 CJII.J C CJN SEilV 1\rrcJ~.S 

A.i.G. McArthur 
Soil Conservetocs Cour&; Lincoln College 

1.0 Introduction 

A project in soil conse~vation can be subdivided into a 
network of individual jobs which contribute to its achievement. 
A study of the logical sequence of jobs needed to complete a 
ft'oject c·.u1 be of immense value to the rner1 in ~harge of it. 
Network analysis, critical path analysis and Broject 

] · , · h · I ·,),.,.,~,r ' 1 ev:.J .. u·:;t1on ana rev1ew tee n1que \1 l"..lt J are .... near synonyms 
for the analysis of job scheduling of a project. 

Network analysis is being used widely in industry and 
business. It is the bcsis of scheduling and controlling 
mocm rocket rna.nuf-'Jctun:; j L' u:::ed routinely in construction 
jobs. Network analysi been used for new product 
estab1 ishment and the ~:ot·.allation of electronic data 
processing system in ·-· T techn ue is less than 
~en years old, yet of the oration research techniques 
Ei'/:ClLLtble, thiE:; method i::o by f·J.r the il\);3t poruLar. ·Its use 
expanding at an explosive rate. I believe that it has 
rossibilities for soil conservation and river control 
schemes. 

Its ma.iY1 use :Ln r:lanning lh;s in che Elrea of control of 
the execution of a 'roject with network analysis it is possible 
to see 1r.rldch j')bE:> 1'Jithin a proJect are 17 critical" and ':OJhich 
f:','<; ' lack'~ reo tho.t resourceEJ '~an be located to the critical 
jobs in the project. This makes sure they are achieved on 
time and do not hold up the entire project. 

2.0 ~etwork Construction 

The firs·t step in nntwork analy~;is is to dr.c1w up the 
fif;t.'viork of :job3 viLich '~.re needed to complc"te the ]'roject. 
For this a large piece of paper is required together with the 
co-operation of the people concerned with the project whose 
in tim;,;:. te p:cactical knov!lc;dge of the business is essential. 

Job~; :J.re repres~;ncec; by nodf:3 and clc.co::'Jf3. or insta.nce 
a drainage project involving a pumping sLation could be 
represented like this 

t:vtflt 1 Activit'/ 

pj O.('l(ll 119, t i t1UnC I ng, 

constructing schell'le. 
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The nodes represent 11 even:~3H in time and mark the 
beginning and end-of a job or acLivity as it is usually 
called. The pla.nning, financing j and construc·tion or a. 
scheme is the activity in this case. It starts with the 
event of the first suggestion of the scheme (at some moment 
in time) and ends at another node when the scheme is completed 
- another event. 

However a project like this'; can be broken down into a 
network of activities as shown below" 

Aeliv rry .2,3 
CoNs.mwnorJ 

lh:.-nv JT\f ~ l..t 

This network is a simple chain. 
will be more com?lex. 

In practice the network 

Drawing a network of this kind can be·· a rewal"'ding 
occupation in itself. The chances of overlooking vital 
steps is much reduced particularly v\rhe:q the construction of 
the network is a team job. · 

Activity Numbering - the ij system 



> 11-t.l t.Jh.e c·tiv·i uy secn.r""inA~ nf;::1I'lTI8J:' ctg:c·eernerlt~t lJecoxne~3 
a~'3 11 activ:i t.v 2, 11 u} being numbered by tl-1e events 2 and 4 
precede and follc~ it. The only rule that must be 

followed using this convention lS that the second number 
'\ rrn'St bP .""I~e!:>tc.,r··· t·'r1'·ln .l.. f-l' y•o+ i l,) J J/ ~dtA..h ··~ -r::)- CA _-.,.. C ; ''" >.) V ·\ .a 

Ho-vvever this nrocedure of coding requires the introduc-
tio~: of dummy activities, o se there can be confusion 
between acti v:L ties. Take for stance this situation. 

awsm.u cno '" 
10, '11 

Both F.in:'lncing and Agreement have the ij code of 9,10 :Ln 
"-tbcvc. In ordrc;l· to overcome this WE:~ :Lntroduce 

a ci which t.::J.k:es zero time to rerform and which 
a c!)t.ted arrow. 

"I 1 1 ~· I' t f' -. ~ .. oove_we nave mace ··Agreemen ' ~' 
:~:..quEJ.l1y '.ve.L1 we could h·,,ve made nDummy 
10, 11. 

CO rJS17( u.c;r.c 1\l 

111 12 

1.0 and "Dummyn l ~ 11" 
9, 10 and ·Agreement" 

The~1e dummies which are used to preserve the 11 i.:j' number­
ing system are sometimes called "identity dummiesn. 11 Logica.l 
dummies'' are sometimes required to indicate the logic er 
of the activities. 

The fo11 owing example shovJs that one can t start ing 
government support until such time as the research has een 
dor'e to d.et.,c:rmina the v~J.lue of tru::; projec from the navL 
-noint of view (logical dummy 16 ,.18)- and until one has obtained 
~:•f!r·r··-,rnr.'rlt. nr·L'-.l~l.l)le f·-··om tll•'''f',.·,.-·rner's (J.oo:.l·cal -"'t;,::) ·. ''··· '-J-• ~_,_.. l' ... l .J _-'- J.-- .L ..l '--' -1. . ..• '1...1. 1-. \ f:-::> 

dummy 17 1 18) 

. Incorre~t _sequences of 
1cg1.cal dumm1. es are used" 

activities 
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J.O Estimating the Expected Time Elapse. 

After drawing up the complete network, the next step 
is to estimate the expected time elapse from start to finish 
of each activity. This can be often done from experience. 
(If operators name their own estimates for time elapse for an 
activity there is a tendancy for them to make their estimates 
come true l) 

A more complicated system of estimating time elapse has 
been suggested by Malcolm et.al. (1959). They suggest making 
three estimates: 

(a) Most likely time elapse (m) (The modal time elapse) 
(b) The most optimistic time elapse (a) 
(c) The most pessimistic time elapse (b) 

Usually the frequency distribution of time elapses for 
an activity are skewed to the right (positively skewed). 

Frequency 
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The expected time elapse E(t) is approximated by 

E ( t ) ~ ! [?m + ~ ( a + b )] 

Malcolm et.al. also suggest that the variance of time 
elap;:;e VAH.(t) can be approximated by 

VAR ( t) ~ [1; ( b - a ) J 2 

Thus suppose that for the construction work of a scheme, 
the most likely time is 40 weeks (m) but if Lhe contractors 
had an exceptionally good run the time elapse could be as 
short as 30 weeks (a). On the other hand if the weather is 
disastrous and there is a strike as well, the time elapse 
could be as long as ao weeks 

E ( t ) = j [ 2 x 4 0 + ~ ( $ 0 + J 0 )J 
= 45 

and the variance would be 

. ·r$0-3 OJ 2 VAR(t; =-
6 ' 

" -70 vmeks 
You will notice that if the expected time elapse equation 
makes the modal time equal the expected time when the modal 
time is midway between the optimistic time and pessimistic 
times. For example if a = 30, m = 40 and b = 50, then 
E(t) = (2(40) + ~(30 + 50) = 40. 
Having calculated these parameters the next step is to write 
the time elapses in on the network analysis and determine the 
critical path. 

Determining the Critical Path 

We will not complicate matters by trying a network 
analysis to a particular case. The critical path is calcul-

.ated by working out the earliest times which each event can 
occur from the start of the project. Then the latest times 
for each event are calculated. This is the time at which 
the event must occur if the completion of the project is not 
to be held up by that event. We will start with a network 
which gives the time elapse for each activity on the midpoint 
of the arrow. The ij code for the activity is given in the 
table below together with the time elapses. Calculated on 
the network are the earliest and latest times. These times 
are measured from zero hour of start~ 
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~-,-,--0--~7 _____ 0_/7/~---=--~>~ 
/\ S ' G ' / ....._ 

' 

t=:ir!IS\-1 
~17 1$3 

li: )0) 1 ~G 'l 
/1 11 

GIVEN INFORMATION 

Activity Time Ela£se Activity Time Ela:12se 

1' 2 1 10,11 0 
2' 3 4 7,11 4 
3 ' 8 7 4,11 2 
3' 7 0 11,12 4 
7, 8 0 2, 5 1 
8, 9 2 5,12 2 
9,12 3 2' 6 2 
2' 4 2 6,12 1 
4, 7 3 12,13 1 
4,10 1 

The earliest times are above the node, the latest times below 
it. 

i3-LA'f61" 1iME" 
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The earliest times ,c-J.re calculated by moving down paths away 
from<D in a rirr,ht bc:md direction. The next earliest time 
is merely calculated by adding the time elapse onto the st 
earliest time. If two or more paths converge on one event, 
several earliest times are possible. Obviously one selects 
the maximum earliest time for that event because is is the 
earliest time which this event can possibly occur. 

When all the earliest times have been written in above 
the nodes, work back from the finish @ calculating the latest 
times. In working backwards paths will converge. When two 
paths converge select the minimum latest time for that event. 

The next move is to calculate the slack in each step. 
This is done by subtracting the earliest time from the latest 
time at each event node. This difference is called the 
slack ",r· floa_t. This been done in the table below. 

Event 

Stc:1r·t l 1 
2 
3 
8 
9 

12 
I+ 
7 

I 10 
I 11 

5 
6 

Finish 13 

Let test 
Time 

0 
1 
5 

12 
14 
17 
6 
9 

13 
13 
15 
16 
18 

Earlie;:c;t 
Time 

0 
1 
5 

12 
14 
17 

3 
6 
4 

10 
2 
3 

18 

Slack 

0 ~~ ! 

0 )I 
0 )T 
0 )I 
0 )Q 
0 t 
3 
3 
9 
3 

13 
13 

0 

The events 1 1 2, 3, 8, 9, 12, 13 form the critical path. 
There is no slack in this path. If events in this path do 
not occur on time the finish time will be delayed. It is the 
oath that the administrator must keep his eye on. Extra 
resources may have to be moved into this path if it looks as 
if Lhe activities in this critical path are runn behind 
time. The other oaths are slack. For instance , 5, 12) 
can run lJ time unlts behind without affect the finish 
date, 

Total and Free Float. 

In some analyses where the term float (associated with 
an activity) rather than slack (associated with an event) is 
used, a distinction is drawn between total float and free 
float. In the path (2, 4 7) the events 4 and 7 have 3 units 
of slack in them. But if activity (2, 4) runs 3 units of 
time beh nd time, then activity (4, 7) won't have any slack 

it. I ll have to run on time . 

.Jnder Lhe total free float system~ the ;3lack i;3 allocated 
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to 0 ath r2ther than 2 tivi 
Total float is synonymous wj 

7) a total slack of 3, and 
z:c total::;: cJ.c of 3 c·:ch, mean 

huy can ::;L:cc butv.rc;cn them. 

Free float :::: lloca te;3 n 11 the ~3 c l< :in 0 th t.o the la.s t 
~,.,t. r''- r : ·t-~ i ,~th .-, I . a • t'• ., "'"" '·' ·re ·o~-'--'· ···c-· -c--•.::>.<..,,J\l""1 .n '"lil_, r .. -,, , .... nr; YJOLt:. 00 .u ~;-.. CcfLLn6 ·c·.!.,v..LVl .le,,. 
This means that if all preceding activ ~ies in a th run on 
tjxne, e floc::t bc•longs to t st ,c.. .:: .. v:J.. 1e of 
L) ,~=: ·c;r' c; c c1 Ct c t i "'"\r i 1. e E:.~ i11 .:.:1. .:;_1-. e E~ }_ ·: . .f ~~- r1 Gtr1 y· (::" f l OEl t ., 

.. , c:;e are e; equat ·' Jn:; for tot·1! 'Jnd f·.·ce Clo.s.t. 
Total flou for an activity ij 
"" I ,,f-ect "i .. : 11[10> oP cvc•rii' i }.er-e, 

.• Jf_.:. V \,_) \,...',J.J,, '-,, ... <, J... ........ ~ 'u' "• _, tJ ~ 

less ti.rne c,:;Ja.pse fc>r (lC'tivity 
Free float for an activi ij 

Use of Network Analysis 

r1j_e~3t t . 
., '1 
. .L ~J J!l 

E:· of 

1. Bar 1rarhs for Control. "l!.nc·r''B a.r·e rnEi:ny· \ATCiy·s i11 

information from network anal 
is with a bar graoh for contr 
from a Network~ ~lysis for a 
project is shown. 

is can be sented. 
li['V ~tlE' rr-Jj'P(•+ ..... .,.._ .. ,:;:; v... " i:--' ~ ...... "v ,c • 

Deve}opmen t :-:CE;~:; enrch/Exten::o j 

The administrator 
1J•r1y th::: critical .·1th to 

co.ll eye on 
L norE: 

th::: 
t 

chart ·- 'Jt':rtic·u" .. 
" t 

,_; 1 behj 
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it ls obviously necessary to alloc te effort long 
c l th first until other ths become critical. tee 

rograms are av lable for calculrting s by stage 
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These increased costs can be offset against 
in return from earlier arriv~l of the benefits. 
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cuppose e return to soil con erv~~ion J n and in t e 
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The variance in months of the path can be calculated as 
folluvvs. 



Activity 
Opt stic 
Tim:) elapse 

( ·~ \ ·c~ ./ 

1)e0s st:ic. 
Time elapse 

{b) 

Planning 3 9 1 
Financing .· 6 42 36 
Cons true t ion ,

1

. ___ G_~ ------~----2_-4 ____ +-_
4
_
6
9 __ --f 

Total Variance 

The total variance of the path is 46 and hence the 
s d deviation is ,/45 "" ? approx:Lmately" If the expected 
time for the path is 6 + 24 + 15 = 45 months then we can set 
confidence limits on thi:=: expect'ed time (if we assume a 
noimal distribution). 

Expected time = 45 ~ 2 standard deviations 
= 45 ± 111-

Hence the earliest DOC. ; ·· b .~ .. 1me v-re can expect the path to be 
completed is 45 - 14 ~ ; ~onths, and the latest possible 
time is 45 + 14 = 59 mon 

Concluding Remarks. 

Computer programs are available to extract the critical 
paths, estimate, float, and prepare operating schedules in 
various forms. Such analyses ar~ run by computer service 
bureaux. e L coln College IBM 1130 has among its software 
a "Project Curl cr,)l Sys tem 11 based on network analysis which 
allows for ess reporting and network restructuring during 
the pr the oroject. 

Thr:;r'e is ,:m excellent programmed learning text available 
for teac oneself the procedure of network analysis which. 
as can be seen from this introduction. are essentially straight 
forv:erd. I foresee that network analysis will become part -
of the routine of soil conservation and river control work 
and I hope that this paper will help conservators understand 
and perhaps initiate its adoption. 
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SCHEDULE FOR DEVELOPMENT RESEARCH/EXTENSION PROJECT 

Year 

Activity 65 66 67 68 69 70 71 72 73 

Getting Ops./Research Worker 
Computing PVi 
Area Selecting 
Farm Buying 

Selecting FAO 
Training FAO 
Giving FAOs Experience 
Benchmark Survey I 



IN'.LEGHATED vJA'l'LRSHED C UNTHOL 

J.P.C. Watt B.Ag.Sc. M.S. 
Soil Conservator, Otago Catchment Board 

INTHODUCTION. 

Catchments are geographic units within which a wide 
variety of resources may occur. The resources traditionally 
recognised in this country have been grazing and 
agriculture. Today the forest, recreation and water 
resources are being increasingly recognised and already some 
catchments are used solely for the development of forestry 
or water supply. With the exception of catchments with 
such specialised use-objectives, the problem arises of how 
best to integrate any one use with any other, so that 
firstly uses are compromised, and secondly flooding and/or 
drought effects are mi ed. The resolution of this 
problem is what is invo1v in integrated watershed controlo 

PflELHviiNARY OBSE.ftVATI ONS. 

In discussing integrated watershed control in New 
Zealand, it behoves us to make some preliminary 
ohservE.J tions. Firstly, Nev·l Zealand is a land-hungry 
nation and therefore ·allowing for some areas to be set 
aside as Vbench-mark 1 or 1 reterence 1 areas, each acre should 
be used co the maximum. However, to combat erosion and to 
foster Lhe protection and restora£ion of watershed values, 
s m:c must be within the land's capabilities, and such 
treatment as is necessary should be accorded. There is 
prob bly nothing new in these observations, but it is 
necessary to reiterate them as being fundamental to 
considerations involving integrated watershed control. A 
further fundamental concept which must be defined is that 
for the water resource, downstream demands and influences 
dict':lte we:ltershed management objectives in headwater areas. 
For examr:le the demand may be for a guaranteed supply of 
quality water as for a municipal supply catchment, and the 
influence may be the mitigation of flooding. The 
availability, condition, and control of the water resource -
where it's wanted, when it's wanted and the quality and 
quantity wanted - is of first importance when discussing 
total resource management of a catchment. 

HOW DO VIE GO ABOUT PLANNING FOR INTEGRATED WATERSHED CONTROL? 

Traditionally we have done a survey for one particular 
use. Farm Plans and catchment control schemes have been 
planned on the basis of land capability surveys~ with 
agricultural or pastoral use in mind. Some attempt has 
been made at broadening these surveys for application to 
other uses (Recommended Land Use J.Vlaps) but such attempts 
rely on the capability map in the first instance. The land 
capability map, or the inventory work done in the 
preparation of this map~ does not provide the full 
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information that is required in a complete appraisal of the 
total resources. 

For integrated watershed control a complete appraisal 
of the total resources of a watershed is required. The 
term 'watershed analysis~ is used to differentiate this type 
of approach from the 'survey' which involves appraisal of 
only one resource. In watershed analysis the approach is 
made from the viewpoint of the water resource as this is 
the resource that is most subtly affected by all other uses. 

The objectives of a watershed analysis are firstly 
to describe and interpret the physical, social, legal and 
economic characteristics that relate to the total land and 
water resources of a catchment, and secondly to develop 
recommendations ::mch that management of the water resource 
is co-ordinated with other uses. Thirdly, it is essenti~ 
that recommendations are practical and can be effected. 

To this end an analysis may be approached by asking 
six basic questions. 

1. What ve I got? 
2. Where e I got it? 
3. What's happening on it? 
4. Why is it happening? 
5. What does it mean? 
6. How do I apply it? 

The first three questions involve an inventory of the basic 
factors that reflect how and why a catchment handles the 
water that is applied to it. These are the factors 

ecting the hydrologic cycle and can be generally 
described as morphology~ geology~ climate, vegetation, soils 
and land use. Questions 4 and 5 constitute the interpretive 
phase of the analysis and as far as the final recommendations 
go are every bit as important as the basic inventory. The 
answers to the question 11 How do I apply it?" result from a 
careful appraisal of the resources defined in the basic 
inventory together with the interpretation of their inter­
relationship, 

INVENTORYING THE BASIC FACTORS" 

are 
The basic factors involved and their inter-relationship 

clearly shown in the following schematic diagram. 
CLIMATE. GEOLOGY 

1 ·Rg~nr~fr~~ng~~~nd~~~10~R~?~H~O~L~O~G~y-·· 
-water quantity """ 
-water quality 
-water regimen 

2.0nsite catchment 
values. 

Existing 
l----~-...J<:/~""J water 

handling 
characteris 
tics. 

I . I I . I --------~ 
Range. AgrlCUl ture "Fore_%ry. vlater 
~Recreation .. ~ 
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The diagram is shovm in the form of c.1 dynamic .eouation to 
suggest the interdependence of the basi fa tors both with 
onsite and offsite values and with the existing water 
handling characteristics. With this idea o~ vdynamicism' 
and 'inter-relationship' we are better able to approach 
inventorying questions of what have I got, where have I got 
it, and what's happening on it? 

Watershed Morphology. 

This factor has been largely overlooked in work in 
this country; yet it is conceivable that when this subject 
has been fully explored, analysed, and understood, it may 
be found that an ordinary map of the drainage system 
nrovides a reliable index of the permeability of a 
watershed, and will give some indication of yield. The 
characteristics of the drainage net (morphological 
parameters) are discussed subsequently. Unfortunately 
insufficient research has been done to satisfactorily 
correlate finite values of the parameters with particular 
hydrologic characteristics. The determination of 
morphologic parameters therefore becomes something of 
an academic exercise. However they are worth calculating 
for two reasons; firstly~ the parameters as such do 
describe the catchment even if it is difficult to 
satisfactorily interpret their precise values; and 
secondly, the parameters may be used in the future 
for comparison with those of other catchments. In this 
way knowledge may be built up as to their hydrologic 
interpretation. 

Size and Shape. 

Total water yield increases with s1ze, but yield 
per acre may vary as size increases. For example, the 
number of aquifers that are intercepted through 
entrenchment of a drainage system may significantly 
affect the per-acre yield, Furthermore size influences 
the maximum and minimum flows. As size increases, 
maximum and minimum flows generally increase, but may 
decrease depending on the duration concerned. For 
example, the 1-hour maximum flow per unit area may 
decrease as area increased~ the 1-day flow may show 
little trend, and longer durations may show increased 
flow with increased area. S i.z e therefore i,s a simple 
but fundamentally important parameter. 

The shape of a catchment naturally effects the 
hydrology, particularly with regard to the time of 
concentration of flood e~ents. Although difficult 
to describe satisfactorily, an index of the form can 
be determined by calculating the compactness coefficient.* 

* Defined as the ratio of the perimeter of the watershed 
to the circumference of a circle of equal area, 
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Elevation and Relief. 

The area/elevation relationship reveals what acreage 
is above or below any particular altitude. Climate, 
soils, and vegetation are all inter-related with the 
elevation of a catchment. The area/elevation relationship 
also provides a useful description of the general shape 
of a catchment. Relief describes the manner in which 
ridges etc. stand out from a plane surface. 

Orientation. 

Catchments lying to the south in the southern 
hemisphere receive less solar radiation than those lying 
to the north. Their 'angle of repose' also governs the 
amount of radiation received. Since incoming solar 
energy may be regarded as the 'engine 7 vrhich directly 
or indirectly governs all aspects of the hydrologic cycle, 
its importance cannot be overstressed. 

Stream-orders. 

Stream-order analysis gives an indication of channel 
and drainage characteristics. It is the classification 
of streams according to the number of bifurcations of the 
tributaries. All non-branching tributaries, regardless 
of vrhether they enter the main stream or its branches are 
designated as first order. Streams which receive only 
non-branching tributaries are of the second order, and so 
on. High ratios cf the numbers of first to second order 
streams etc. indicates steep well drained catchments; low 
ratios indicate impermeable catchments with efficient 
drainage. 

Length of tributaries. 

The length of tributaries is an indication of the 
steepness of the drainage basin as well as the degree 
of drainage. In general the lengths of tributaries 
increase as a function of their order. 

Drainage density. 

Usually expressed as the length of stream per unit 
of area, drainage density varies inversely with the length 
of overland flow and therefore provides at least an 
indication of drainage efficiency in the catchment. 

Constant of channel maintenance. 

This is the inverse of drainage density. By knowing 
th~s constant an indication of the acreage area necessary 
to maintain a unit length of channel can be determined. 
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Stream maturity. 

A method has been developed to determine hovr the mass 
in a given drainage basin is distributed from base to 
summit. The percentage hypsometric curve is a plot of 
the continuous function relating relative height to 
relative area. Taking the catchment to be bounded by 
vertical sides and a horizontal base plane passing through 
the mouth, the relative height is the ratio of a given 
contour to total basin height. Relative area is the 
ratio of horizontal cross-sectional area to entire basin 
area. Two stages mark the evolution of a drainage system 
in a fluvial cycle: 
(a) An early inequilibrium stage, during which slope 

changes take place rapidly as drainage expands, and 
(b) an equilibrium stage in which a stable hypsometric 

curve develops and persists as relief diminishes. 
A special 'monadnock' phase may be recognised, but 
it is transitory and its destruction is followed 
by restoration of the equilibrium form. 

The maturity of a catchment reflects the geologic 
erosion actively taking place and thus provides an 
indication of the sediment yields that may be expected. 

Climate 

The climate information that is generally given with 
farm plans is rarely sufficient to give but a vague idea 
of what climatic conditions prevail in the area. Where 
water yields are an important watershed resource~ detailed 
knowledge of the climate of the watershed is of first 
importance. Some knowledge of the areal distribution of 
precipitation in a catchment is essential 7 and ideally 
an isohyetal map of the annual precipitation should be 
prepared. Of equal importance is knowledge of the 
seasonal pattern of precipitation, duration/frequency/ 
intensity data, and information on trends in precipitation 
pattern, if such occur. If a recording raingauge exists 
in the catchment some idea can be obtained of what a 
typical rainfall event* is - its duration, intensity and 
amount. It is often useful to plot such data on 
probability paper so that examination can provide such 
information as, for example 11 70% of rainfall events are 
of less than 20 points and last less than 8 hoursl!o 

Only rarely is this type of information available. 
Most catchments are lucky if they have one non=recording 
standard gauge within the perimeter. However, better use 
can be made of the information that even one gauge provides, 
than just averaging out annual falls. The mean annual 
fall given by a gauge is a useful figure, but what about 

* A rainfall event is defined as any rainfall of greater than 
0.05 11 which is separated from any other rainfall event by 
a period of at least 6 hours. 
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the range over which annual f l]s occur, or the 
standard devlatian of t annual 1 ~ 

i~C)1~rn.:=_1_t-j_;J11 s ~3()!11e id.ec1 _f~ ;;~ 

lr1f'c1 :J .. l • ~:·;, e>X'l c'i ~L ~:-~: t. r i. b u L :·;_ ;)n. !TIL? .. J' (ll_~ (: . 1 ;/s ;:;d 
from these figures. The arguement is tha~ the best 
possible W3e must be made of wh;J.t little inform<1tion is 
available. 

The impact and hydrologic consequences of snow, frost 
i~solation, fo~s and ot~er meteorol?gic phenomena, must 
aLso be carefully appra1sed. The 1mportance of rout 

systematic visual observation and recording such 
events cannot be over emphasized. Scientific 
instrumentation is fine, but in its absence useful data 
may be c llat by residents and regular visitors in 
catchment::; mak:i a con::-Jcious effort to ::(;r'V(~ C:>nd 
record the weather conditions that prevail. 

A watershed ansJ is serves a useful purpose in 
pinpointing deficien~ in data such as occur in climate. 
If necessary~ specific re ornmencla tion::c may be made to 
overcome such deficiencies, but the watershed manager 
mw3t bcwa.re of making :·ecommendatic,n such :•s these just 
for the sake of hav i~ on record. Nothing will 
speed an analysis faster into a "pigeon-hole" than a 
series of unpractical a. non-essential recorr.:m.endations. 

/'> l .] eo .ogy. 

Geology influences the natural fertility of the soil 
and also th( natur::1l ;::,nd ::,cce1erated erosion to which a 
watershed n:.:OJ.y be :3ub;ject Furthermore, a vvatershed 
mE•y be rE~gard .sim:;:-•ly as e~. grsat rna3s of rock :Jn top of 
which is a sur icial layer of soil capable of supporti~g 
a va:chc:ty .. t communi ties wl1ich, vti ·r.hin certain 
limitations 1 may be altered by rmd for mans' utilization. 
'I'h:is ''m?ss of r·ock 11 fund!Jm·ent-'1lly :LnflU(~ncos not only thE~ 
uperficial layer of soil which is 2ssentially the "land 

resource>~, but ah>o the water resource to a r.:-rofound and 
quantitatively undeterminE~d extent. :n any vva tershed 
J nrge quantities of vvater, ~:mm:times rE:presenting a large 
ercentage of the total precipitation percolates down int.o 

the bed rock where it is subsequently stored, released as 
base flows to streams, or lost outside the catchment area. 

I: we are to understand more clearly the water 
regulatory characteristics of c.:J.tchments 1 it is e~:Jsential 
we know more about trte porosity, permc:a.bil:L ty and depth of 
the bed rock as these are the factors that determine the 
storage potent l for water. Until these narameters are 
deter~ined for different N.l. rocks it is i~portant that 
l·n tl1e f1'r 0 t l·ns·~~nce tho ll't.~c,ln~y ~~r·l~~u~c ~nd ,. . . ~:) . ~ V C~ . -' ..J V _ ll , 1... J O ) U l; _,, ' '"' V J.. \,.,. Cl. 

geomorohology of the catchment are accurately mapped. 

Soils. 

The identification of the various soils in a catchment 
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control scheme o~ farm plan has always been an important 
phase of inventory work. Careful soil mapping is 
fundamental to the accurate determination of land 
capability insofar as pedalogical and edaphological 
characteristics are concerned. In integrated watershed 
control this aspect is again emphasized~ but recognition 
is also given to the need to understand those properties 
which determine the hydrologic characteristics of soils. 

Three phases characterise the part soils play in 
the hydrologic cycle. The first phase covers the 
initial entry of water into the soil. This infiltration 
phase is regulated more by pore size than total porosity. 
Coarse textured soils generally have larger pore spaces 
than fine textured soils and consequently have higher 
infiltration rates. However compaction of the surface 
layers may fundamentally influence the infiltration rates. 
Clogging of the pores may also occur, and swelling of 
certain of the clay minerals may alter the infiltration 
rate with time. The surface conditions may be modified 
by management practices, but the degree of modification 
will depend mainly on the kind of soil" The second phase 
covers the readiness with which water moves through the 
profile. This permeability is affected by structure 9 

texture, pore space and orientation, clay minerals, pans 
and other factors. The third phase concerns the soils 
ability to store water. Stora~~ potential is determined 
primarily by depth and porosity, i.e. the space available 
for water in the profile. This stored water may be held 
in the micropores and be unavailable to plants; it may be 
held in the macropores and be subject to percolation under 
the force of gravity; or it may be in a category somewhere 
between these two classes, representing 0he so-called 
'plant-availablev water. This relationship is shown in 
the following diagram. 

3 
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INTERPRETATIONS. 

Returning to the six basic questions 3 we have now to 
answer "why is it happening?" and 11what does it mean ?'1 , 

It is not the purpose of this paper to discuss the inter­
relationships of the various watershed factors, or to 
interpret what impact changes to one £actor will have on 
any other. Suffice it here to say that in assessing each 
watershed factor, due and careful consideration must be 
given to their interpretation. A wrong interpretation may 
result in a recorr~endation which involves wastage of private 
and public money and which in the short and/or long term is 
of no benefit to either onsite or offsite watershed values, 

RECOIVIMENDATIONS. 

"How do I apply it?fl The importance of developing 
recommendations that are practical and which can be effected 
has already been discussed. In integrated watershed control 
it is probable that a considerable number of oeople will be 
involved in considering and implementing the recommendations. 
In presenting them keep them concise, to the point) and in a 
logical seouence, 

Clear background information should also be provided 
behind each recommendation. After all J this in all probabil-· 
ity will be the only section of the report that is read. 

CONCLUSIONS. 

The complete inadequacy of coverage of the topic 
'integrated watershed control' is regretted but unavoidable. 
However it is hoped that this brief introduction has: 

outlined what integrated watershed control involves. 
emphasized the need to look critically at what kind of 
information is needed when integrated watershed control 
is envisaged. 
emphasized that this approach involves a team effort 
involving many disciplines, but that co-ordination and 
putting into practice probably lies in the soil 
conservators hands. 
indicated that there is already a necessity for this 
kind of approach in New Zealand. 
whetted your interest sufficiently that the Executive 
of your Society will give consideration to providing 
a full training course dedicnted to discussion of the 
technical aspects of watershed management. 
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CO-ORDINATION OF AGENCIES AND SUMMARY OF CONFERENCE 

D.B. Dallas 
District Commissioner of Works 

Christchurch 

Mr. Chairman, ladies and gentlemen: Last night when I 
started to marshall my thoughts on the task that faces me at 
this moment, my mind flashed back many years to the time when 
I sat the final Section C examination of the Institution of 
Civil Engineers. The three-hour paper was divided into 
three major questions. The third comprised about 12 secondary 
questions that ranged over the whole field of civil 
engineering. 

The instructions at the top of this question said this: 
~Quite concise answers may obtain full marks. No marks will 
be awarded for answers that indicate merely a superficial 
knowledge of the subject, minus marks will be awarded for 
incorrect guesses". 

Later, when I presented myself for the oral examination~ 
or professional intervie~r~ the Institution representative 
confided to me that in his opinion the Section C written 
paper was designed to test the candidate's reaction to an 
impossible situation. Perhaps I should add that I made the 
grade on that occasion. 

On this occasion I.have listened to something like 
fifteen well prepared and well presented papers in 2~ days. 
I always find some difficulty in being critical and creative 
at the same time, so I think rather wistfully of those papers 
and wish that right now I was clutching something equally 
well prepared. 

The Course I believe you will agree with me that this course 
has been a most stimulating experience, and I congratulate 
the organisers upon the obvious success of their efforts. 

Three reasons occur to me as to main ingredients of this 
success. 

First of all is the fact that the three principle 
executive arms of the Soil Conservation and Rivers Control 
Service have combined for the first time in a joint 
stocktaking. This is a tangible acknowledgement - a 
re-affirmation - of the indivisibility of soil conservation 
and rivers control in this country. It also highlights 
points made by Mr. Howe and Mr. Frengley that in the last 
resort soil conservation and rivers control and its expansion 
are dependent upon how much of the financial resources of the 
nation are channelled to this sector of the economy. 

And so we have a rounded training course that has dealt 
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with water and soil and people and their money. 

The second reason 
have been delving into 
explore objectives and 
techniques of applying 

for success is, I believe, that you 
fundamentals. You have attempted to 
ends as well as means to the ends and 
the means. 

As Mr. Douglass said, every course should advance beyond 
the point of previous knowledge or practice. I am sure that 
this one has done so. 

The third reason for success has been the active 
participation of our hosts and sponsors ~ Lincoln College. 
This is recognition of another vital factor in the successful 
pursuit of your objectives - close teamwork between science 
and practice. Long may it continue. 

A BASIS FOR REMITS 

While discussing the general arrangement of the course~ 
may I suggest that next time you should time it for 6-9 months 
before the Catchment Boards' Conference so that the ideas~ the 
conclusions and the recommendations arising from discussions 
can be consolidated into a form that could be used by Boards 
as the basis of conference remits. 

I'm not impressed by the standard of conference remits. 
Too often they give the impression that the topics were 
decided upon at the last minute and that they have been 
poorly thought out. 

Conferences such as this are an ideal springboard for 
remits. This could be one way that you could advance and 
perhaps implement the ideas that you develop here. 

CO-ORDINATION AND AGENCIES 

The little green card said I was to talk about 
"Co-ordination of Agencies and Summary of the Conferencerr. 
In the time available I hope that the result will not be too 
superficial. What I say will not necessarily represent the 
official opinion of my Department and it might not clearly 
separate the consensus of opinion of this conference from 
my own ~ but I think you will be able to decide the identity 
if need be. 

Mr. Dick said that it was becoming increasingly 
realised that the Soil Conservation and Rivers Control Act 
was a far sighted Act, and he gave some reasons. 

I would like to add a few of my own. At the top of 
the list I would place the constitution of Catchment Boards. 
Constitutionally and territorially they are the only true 
regional authorities in New Zealand. 

It is futile to attempt to plan regional development~ 
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either physical or economic~ except within the framework of 
central government policy. Authorities established under 
the Soil Conservation and Rivers Control Act of 1941 are the 
only ones where the representatives of local and central 
government meet as equal partners at the same board table to 
direct the planning~ investigation, designing, financing 

and construction of works ranging in size from a few hundred 
to some millions of dollars. 

Here we have a constructive partnership at regional level 
where local skills and know-how are actively backed by the 
full resources of the State and the many agencies and 
disciplines at its command. This has been a tremendous stride 
forward in the direction of co~ordination and progress. 

Mr. Dick talked about the wide-ranging disciplines 
involved. This is due to the complexity of the problems you 
face, as illustrated in discussions during the last two days. 
Add to this the additional responsibilities arising from the 
new Water and Soil Conservation legislation and the 
co-ordination problem is seen to be truly formidable. 

PROBLEMS OF CHANGING NEEDS 

If there is any suggestion that the new Act represents 
additional bureaucratic restriction of the rights of the 
individual, remember a point made by Mr. Collins; the controls 
that you administer arise from the needs of people~ and he 
went on to say that these needs are continually changing 9 

developing and becoming more complicated. He said the law 
and the activities of government bodies are merely reflections 
of these social needs. 

Soil conservation and rivers control work involves 
a series of unique operations or investigations on an endless 
variety of sites. You have to perform these operations in 
the most difficult field of private property, private income 
and soil~ climate and markets. This is never going to be 
easy. 

At this time of changing and increasing responsibility~ 
I therefore counsel you to exercise particular tolerance, 
patience~ loyalty and co-operation. Never revert to the 
we/they attitude. You have your frustrations, such as 
delegation limits~ multiple subsidies, on-cost. Settle 
these problems and differences at forums like this. Try to 
prevent Board members criticising the establishment in front 
of the press at board meetings. There are plenty of 
outside critics very jealous of your powers and 
responsibilities. Don't aid them in their tendency to 
undermine the harmony of the team and the co-ordination 
of agencies. 
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LIASON TJJITH LOCAL COUNCILS 

This leads me to mention one important co-ordination 
requirement that must not be neglected. That is to develop 
an expanding liaison with local territorial councils. 
Keep them in the picture when you are planning anything of 
significance in their areas. 

As your new responsibilities develop~ your status as a 
regional authority will depend to a degree on your ability to 
delegate the local problems. A constructive partnership 
between the specialist regional authority and the local 
territorial councils is the final step in the co-ordination 
of agencies. To achieve this end you now have that excellent 
section 16{2) of the new Acto 

FLEXIBILITY AND INTEGRATION 

To facilitate co~ordination~ I would like to see some 
provision for easy interchangeability between Board and 
Water and Soil Division staff. It could help esprit de corps. 
It does greatly broaden outlook to see both the local and 
national picture. 

Mr. Dick cautioned against too rigid an administrative 
system when dealing with the diversity of soil erosion 
problems. This can apply to operations within your own 
organisations. 

Mr. Collins pointed out that it is unrealistic to think 
that land-management practises and survey works on the land 
of a catchment - however desirable they may be for other 
reasons - can make a substantial difference to the big floods 
of a large rivere 

This is obviously true for smaller catchments and is 
probably true enough for large catchments on the New Zealand 
scale. It still doesn 1 t mean that a line can be drawn between 
the lower valley and the upper catchment as a realistic or 
natural division betweenfue work of the engineer and the soil 
conservator. 

Mr. Watt devoted an entire paper to the topic of inte= 
grated watershed control and pointed out the need for the 
application of many disciplines. To me this means an 
integrated staff approach to the establishment of objectives 
and the preparation of proposals. 

Think continuously in terms of teams or task forces 
designed for the particular operation in hand. Be able to 
re-group whatever disciplines are involved for the next 
task. Don't become do-it-yourselfers. 

RATING ACCORDING TO BENEFIT 

The second reason why I believe the 1941 Act was far 
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sighted is in the prov1s1on for rating according to benefit. 
I suppose that even a single-unit work should not be undertaken 
unless the benefit is fairly obvious in relation to cost. 

I have looked hard at the possibilities of a general 
works rate - maybe a land tax - over the whole region to 
finance what I call the "stitch-in-time" jobs that give no 
obvious direct or immediate benefits, but have a long term 
cumulative result; but I cannot make it stick. Whether 
cost benefit analysis would justify that approach I don't 
know~ but for all normal operations the Act directs you 
towards cost benefit analysis. This is a rational guide to 
decision making regarding the diversity of expenditure and 
I will return to this later. 

LAND CAPABILITY AND NEEDS 

At this point, I want to mention where I think there is 
one gap in your procedures. Land inventory and land 
capability mapping is a sound basis for assessing resources. 
What should follow is the type of thing we have established 
on a national scale in roading - a ten-year needs survey. 

Suppose you have the whole country covered by land 
capability maps~ the next step would be to schedule the needs 
in priority order and to develop, say, a three-year programming 
procedure. 

CRITERIA FOR PRIORITY 

Frankly, I think this is where you encounter one of your 
two greatest problems. Just what is the basis of priority? 
On river and drainage projects I think cost benefit analysis 
can give a good guide. What about in the catchments? 

Mr. Greenall dealt with some of the criteria there. 
Mro Bradfield said that his Board did not set out to develop 
farm plans that gave the greatest economic return - but rather 
selected the worst erosion and then proceeded by invitation 
or persuasion. 

At the other end of the scale, Mr. Hughes asked 
whether there should not be more emphasis on prevention. 
Could a farm plan then be no more than advice on preventive 
measures? There is a delicate balance between prevention 
and cure. Mr. Frengley's graphs raised this question -
when is it improvement and no longer conservation and on 
which side of the line should soil conservation and rivers 
control funds be applied. 

Mr. Warrington thinks it is difficult to assess and to 
separate soil conservation results from normal improvements. 

Priority to the worst erosion surely must be related to 
costs and benefits. So there are some of the problems in 
priority setting. Can you use cost benefit analysis as a 
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guide to priority setting in catchment control schemes or will 
its use be restricted mainly to a comparison of methods? 

DEFINING OBJECTIVES 

The priority question is very close to your other major 
problem of the objective. Mr. Greenall and various other 
speakers expounded the objective of improved, production. 
To me this means Mr. Frengley~s graph going upwards beyond 
the point of mere stability and I wonder how you win friends 
and influence people in the Fields Division of the 
Agriculture Department if you expand into that area. 

During the discussion on subsidies 9 Mr. Hughes said the 
criterion was that the farmer should be no worse off after 
soil conservation than before. Perhaps his farm should be 
no better off except in relation to its capacity to resist 
erosion and to its potential for increased production on 
that account. 

Of course~ it might be a problem of runoff affecting a 
lower catchment and not a problem of erosion. It may be 9 

and frequently is 9 a complex problem of many things from 
which the objective emerges as the plan of operations. 
Several speakers~ including Mr. McArthur and Mr. White 9 

highlighted the great importance of defining objectives and 
Mr. Douglass spoke words of wisdom when he said how easy it 
is to get work done when the objective is easily defined and 
cost benefit analysis can be readily applied. How 
comparatively simple it is to define a building proposal 
of the same value 9 or a piece of road construction» or even 
an irrigation scheme. 

COST=SHARING 

Mr. Frengley dealt with the theory of subsidies and 
established quite clearly that finance is a resource and it 
has the function of a universal measure. It can be applied 
in such a way that a balance of satisfaction can be 
achieved more or less. 

I would say that Mr. Frengley convinced you that 
subsidy on investment is far preferable to price support~ 
although the present method of cost sharing is not 
necessarily the most desirable. 

The suspensory loan idea was introduced and appeared to 
be widely favoured and you considered that it should be 
investigated further. Here again 9 I believe cost benefit 
analysis could help you to decide when 1ts use would be 
desirable. Extend the idea to developing rating areas for 
a group of farms in the catchment on a classification basis 3 

or by agreement 9 raising the local share by loan. Test the 
possibility by cost benefit analysis. 

The point was made that it doesn 1 t matter where the 
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money comes from or what the subsidy rate: this doesn't 
affect the result of cost benefit analysis. Mr. Jensen 
made special reference to this when he said that the economic 
desirability of a scheme must be entirely separated from the 
question of subsidy or source of finance. 

Most of us have encountered examples within boards of 
pressure to embark on a work that cannot be financed on 
standard rates of subsidy. Sometimes the pressure is passed 
on to the powers-that-be to make special subsidies available. 
Usually this occurs with works that won't stand up to cost 
benefit analysis. The real problem is not one of subsidy 
rate at all because even if a group of ratepayers was well 
enough off to need no subsidy 1 they would not invest their 
money if an analysis indicated no benefit and possibly a loss. 

In the discussion on Mr. Warrington's paper, the point 
was made that the financial assistance offered is relatively 
small in relation to gross farm turnover and could be 
regarded as the inducement for the farmer to accept 
technical guidance. I would put it this way: it persuades 
him to accept nationalised farming without national 
ownership. This is no doubt the reason why any type of farm 
plan used to be shunned by influential board members in some 
districts. As well as inducing the farmer to accept 
guidance 9 the contribution of public funds encourages 
accelerated instead of slow treatment of the problems. 

MULTI-RATE SUBSIDIES 

There has been a great deal of criticism of the multi­
rate subsidies. Frankly~ I doubt whether it is practical to 
condense them greatlyo 

I think of our architectural contracts and the accompanying 
schedules of quantities. The multitude of rates produced 
by quantity surveyors have been criticised and the question 
has been asked~ why not one unit price for a building of, say 3 

200 1 000 sq.ft at $14 per sq.ft? 

Surely, you must have unit rates for single purpose 
treatments, or for varying the proportions of different treat­
ments so that a plan can be flexible through the process of 
feed-back. If cost benefit analysis was feasible, I doubt 
whether it would prove that all classes of work warranted the 
same subsidy. 

With every farm plan composed of an infinitely variable 
proportion of factors~ what other way is there of arriving 
at the total value of the government share? It is annoying 
I know, but the problem needs more thought. 

I think it was accepted in principle that there should 
be no subsidy for river work unless soil conservation work 
was included, but how do you bring the catchment in if it 
has no soil conservation problem and you have to rate on 
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benefit? 

Then you have single purpose board works. It seems 
that there must be an arbitrary decision as to when the 
scheme is to be a comprehensive catchment control scheme. 

Whether it is or not, it is desirable to make the 
initial examination by a composite team from all disciplines 
likely to have a contribution to make. I think there was 
fairly general agreement that the scheme to be put forward 
should be the most effective scheme~ whatever it might involve. 

Mr. Douglass's committee was to summarise the result of 
the workshop on Tuesday, and I wonvt mention it here except 
to refer in passing to the old bogey of on~cost. Wouldn~t 
the tidiest procedure be for the Council to subsidise the 
administrative rate on a 50/50 basis and thus seal the 
partnership bond. 

MAINTENANCE AGREEMENTS 

Before I leave the topic of subsidies entirely~ I 
suggest that no public money should be invested in works 
unless there is reasonable provision for future maintenance. 
This can be arranged through the farm improvement agreement. 
In principle, also, the agreement should 2 I believe~ provide 
for assistance in applying a cure = if some sort of cost 
benefit analysis shows it to be worthwhile - on condition 
that the farmer simultaneously takes any steps necessary 
about prevention. 

DELEGATION 

The three problems of objectives~ priorities and 
subsidies are at the root of the delegation issue. 

The complexity of the field in which you work~ the 
scope for different interpretations in relation to that 
limited resource, finance~ occasionally the question of 
confidence in local handling of the situation~ all call for 
caution in delegation. Also 9 when almost all your 
operations depend on persuading people to place their own 
funds in your hands, it is not too unreasonable to double 
check your plans until the continued growth of public 
confidence can never be in doubt. 

Try to educate the committees of the board not to delve 
technical details of the scheme that concern you and the 
farmers, but to seriously check its justification - to be 
more concerned with what is to be done than how it is to be 
done. 

In May 1967, in a policy report to the Commissioner of 
Works a short section on soil conservation and rivers control 
concluded with a paragraph in which I said that as knowledge 
and techniques became more firmly established and accepted 
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"the catchment board as an institution is more competent than 
other local authorities to receive 100% delegation of bulk 
allocations, subject to an inspection right by departmental 
officers." 

MANAGEMENT EFFICIENCY 

I want to conclude with some comments designed to 
highlight the papers of Messrs. Frengley, Jensen, Norton and 
McArthur. They form a complementary group that are not so 
much concerned with the mechanics of your industry, to use 
a comprehensive term, nor even with its technical problems, 
as with applying the management efficiency and polish that 
can set Boards in the front rank in the Local Authority field. 

COST BENEFIT ANALYSIS 

During discussion of one of the last mentioned papers, 
there was mention of the danger of easily evaluated projects 
attracting the finance. I doubt whether this is a real 
danger. I think it was made clear enough that cost benefit 
analysis must be used as a guide and not necessarily as the 
final arbiter. 

Public policy, social ethics, judgement about future 
economic conditions, intangible benefits, all ensure that 
policies or government judgement will finally decide the 
question of relative social utility. 

Cost benefit analysis is an indispensible tool and its 
use should be expanded. Uniformity of procedures is 
desirable and sensitivity analysis should be applied to arrive 
at an order of accuracy figure. All these points have been 
covered in the papers or discussion. 

A question brought out the fact that cost benefit 
analysis can proceed by stages. In fixing priorities of 
catchment control schemes, it would be impossible to apply 
detailed analysis in the preliminary sorting process. This 
is a normal government approach to authorisation of major 
projects - preliminary assessment determining the 
desirability of authorising a further degree of investigation. 

It was accepted, I think, that the primary use of cost 
benefit analysis would be in the comparison of alternatives 
or for decisions on priority and the channelling of funds, 
not to decide whether a project in itself should proceed. 

PROGRAMMING 

So finally we arrive at Mr. McArthur's programming. 
First applied to the human network involved in the scheme 
acceptance and decision making process and, secondly, 
applied to the execution phase of the operation itself. 

Lack of programming is often one of the greatest gaps 
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in the management process and yet few of the tools of management 
can pay greater or more immediate dividendso It can give us 
optimum utilisation of resources to achieve objectives in the 
minimum desirable time. It can be used at all levels from 
strategic planning stage down to the level of the foremanvs 
weekly programme. 

LAND PLANNING PROVISIONS 

Switching to a different type of planning, and in reply 
to discussion on the paper presented by Mr. Durant 1 there 
is no reason why town and country planning legislation should 
not be used to reserve certain areas for forestry as distinct 
from pastoral or agricultural use. This can be achieved 
by designating a special rural zone in the district planning 
scheme. It would first involve making a requirement that 
could be subject to objection and appeal and could possibly, 
but not likely, involve payment of some compensation. 

CONCLUSION 

If you have absorbed and can apply even half the wisdom 
that has been made available through the proceedings of this 
training course the Catchment Board movement~ even with 
Water Board responsibilities added, will continue to grow 
from strength to strength. 
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