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2.3

2.3.2

Extending in a north-westerly direction from near the
mouth of the Halswell River, the major part of the
Osborne's Drain catchment, 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 Hodgen's 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'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 Osborne'’s Drain follows road and drain reserves
laid off at the time of the original land surveys.
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:

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.

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 soils. It is estimated that
2,106 acres, at the lowest levels, is of medium
salinity with patches of high salinity, 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
out81de the catchment, to give a total of 5,075 acres.
Of the 3,879 acres, 669 acres on 6 propertles 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.

L, Present Production:

The present production is as follows:-

The stock carried is for the total area of the properties
{within and outside of catchment) while the crop acreages are
for land completely within the catchment. Several of the
properties have various combinations of the various types of
production.

Town supply dairy cows =~ & properties, 344 milking
cows and 130 replacements,
Butterfat Supply

dairy cows - 3 properties, 72 miling cows
and 43 replacements together
with pigs.
Beef Cattle - 3 properties, 77 head of

various descriptions.
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Grazing Cattle - 2 properties, 85 head of
‘ dairy heifers and cows.

Fat lamb production - 6 properties, 4,455 ewes with
951 replacements.
Barley - 3 properties, 69 acres.

Perennial rye-grass
seed

i

1 property, 30 acres.

5. Expected Future Production:

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

flajor 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
weakly saline.

No benefit - 321 acres - land at the highest
elevation in the catchment.

' The 1961 Government Capital Value of the 2,106 acres
(o homestead sites included) is $125,64L0 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 - 86
Butterfat supply dairy cows - 29
Dairy Replacements - 36
Beef cattle - breeding cows - 50
Ewes on fat lamb production - 4,225
Other sheep - hoggets & rams - 509
Barley - acres - 146
Rye-grass seed - acres - 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. Gosts 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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7.3

7oly

7.5

7.6

7.7

7.8

7.9

7.10

The Scheme costs (Row A) of $42,000, obtained from the
engineering report includes the estimated expenditure
on, pumps; electric motors; pumping well and
foundations; building at pump site; 1improvements to
just over & miles of drains; culverts, and engineering
fees for supervision once the work commences.

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.

The sinking fund (Row C) is the amount of money which
has to be set aside annually and invested at 53 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.

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

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.

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.

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

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

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 ITI.

The net annual returns or the direct benefits (Row J)
obtained by subtracting Row I from Row H.

108



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
preblems of the region place an absolute limitation on
how the area i1s used without a scheme.

8.2 In the "with" 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 farm returns (Row I)
at the compounded rate of 1% per cent.

9. Input Prices:

Throughout the country input prices are increasing.
Therefore, cash flow streams of Rows E, 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
maintenance methods, will possibly lead to lower maintenance
costs, and these are assumed to compensate for increasing
pumping costs.

10. Discounting Analysis:

The discounting preocedures 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, 80] ,536 ===1(V)
" " I - " " Costs = 1 6hl 199 ---(C)
The present worfh of the net returns or the dlrect
benefits of the project
= [V - C)
$l60 337 {which is positive)
The returns/costs ratio = i
C
= 1,098
1z, Policy Conclusions:

i

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 Jjustification 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 £9.00
Farm Shelter 7.50
Sub-division fencing 19.00
Fertiliser 27.00
Seeds 11.00
Cultivation 11.50
Stock Water 2.00
Lucerne establishment 1.00
De-salting 22.00
On 2,106 acres at $110.00 = $231,660

New Buildings
Two houses and layouts at

£9,000 g18,000 $21,000
Hay barns 3,000
New Plant
One tractor and hydraulic fittings #3,000

Additional Livestock

115 cows at g100 #11,500
4,225 ewes at g4.30 18,168
8L rams at $18 1,522
50 beef breeding cows at 100 5,000
1 bull (beef breed) 150 36 0
TOTAL development and capital outlay 292,000
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APPENDIX TI

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

5 years. ‘
Town Supply Dairyin £18,920
Butterfat Dairying %including Pigs) 2,726
Beef Calves 1,260
Cull Cows 262
Fat lambs 15,100
Wool ‘ 17,768
Cull ewes 2,680
Barley 6,204
Perennial rye-grass seed ‘ 1,080

66,000

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

5 years.
Stock purchases : 85,415
Dairy shed expenses 480
Veterinary expenses and animal health 810
Herd testing 105
Crop harvesting : ‘ 1,405
Machine dressing and certification 200
Freight and cartage , 1,900
Feed charges 1,350
Fertilizers 4,680
Seeds 1,040
Weeds and pest control | 885
Wool expenses 1,425
Vehicle and motor expenses : 2,105
Repairs and maintenance 5,860
General and unforeseen 1 660
Wages : 7,750
Rates 1,220
Insurances 220
Depreciation ' 2,490

#L0,000

111



TABLE I - PROFILE QF COSTS AND RETURNS

ROW YEAR 1 2 3 b 5 6
DIRECT COSTS: v
A scheme #L2,000
B Annual Maintenance
of Scheme 2,400 2,400 2,400 2,400 2,400 2,400
C Sinking Fund 230 230 230 - 230 - 230 230
D TOTAL DIRECT COSTS:  @gL4,630 §2,630 $2,630 $£2,630 2,630 $2,630
(A& B&C)
INDIRECT COSTS:
E Annual land - $58,4,00 59,860 61,356 6L, 462 66,074 -
development costs
F Increase in annual » _
farm running costs 8,000 16,400 25,215 34,460 Ll ,152 45,256
G TOTAL INDIRECT COSTS: g66,4,00 76,260 86,571 98,922 110,226 L5,256
(E & F) _
H TOTAL ANNUAL COSTS '
(D & G) ‘ 111,030 78,890 89,201 101,552 112,856 47,886
II ease in Annual
G?ggs Fgr; returns § 13,200 26,796  L0,797 55,212 70,050 85,321
J NET ANNUAL RETURNS or ,
DIRECT BENEFITS -$97,830 -52,094 -48,404  -46,3L0  -42,806. . 437 1,35. .

(H - I)
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(a)

TABLE I1I - PRESENT WORTH OF COSTS
Discount Rate 53% - |

Years 1 to 5

Year:- 1 2 3 L 5
From Table I Row H 111,030 78,890 89,201 101,552 112,856
Present Worth ‘

Factor 94787  .898L5 .85161 .80722 76513
Present Worth 105,242 70,879 75,964 81,975 86,350

TOTAL PRESENT WORTH YEARS 1 to 5 = 5420,&10
Years 6 to infinity

Present Worth of years 6 to 1nf1n1ty3 at the end of year 5 is capitalisation
of uniform cost stream

= 47,886 x 33.3333 (The capitalisation rate should be the
= $l 595 531 discount rate less the rate of increase
in unit costs in this case 53% less
24% = 3%. This provides an ]

approximate true discount rate.
Present Worth at beginning of year 1 of $£1,595,531 is that sum discounted for

5 years ’
= $1,595,531 x .76513
= 1,220,789
Total Present<Worth of Cost Stream - Years 1 to infinity

(a) + (b)
AZO 410 + 1,220,789
6hl 199

Total Present Worth

o oH
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(a)

(b)

(c)

TABLE TIT - PRESENT WORTH OF INCREASED RETURNS

Discount Rate 5i%

Years 1 to 5

Year: 1 2. 3 " 5
From Table I - :
Row I 13,200 26,796 40,797 - - 55,212 70,050
Present Worth ’ :
Factor 94787 . 89845 .85161 .80722 .76513
Present Worth 12,512 L , 075 34,743 Ll ,568 53,597

TOTAL PRESENT WORTH YEARS 1 to 5 = 169,495

Years 6 to infinity

Present Worth of years 6 to infinity at the end of year 5 1s
capitalisation of uniform return stream

= - 85,321 x 25.00 Capitalisation Rate = (53 - 1%)% = L%

= 2,133,025
Present Worth at beginning of year 1 of 2,133,025 is that sum discounted
for 5 years

2,133,025 x .76513
1,632,041

]

I

Total Present Worth of Increased Return Stream - Years 1 to infihity

(a) + (b)

169,495 + 1,632,041
$1,801,536

Total Present Worth

([}
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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 "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
ocwnership 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 advertising 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 to 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 procrams now available
to remove the tedious arithmetic.-

1. Computer Program for Development Budgeting. V.
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 tendancy 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.

Message Formulation

There is now a considerable amount of experimental
evidence about whether a message should be formulated to
sive only the pros or whether it should also include the cons.
results of many experiments indicate that two-sided
ages (where the pros cutweigh the cons) are more
"zctive in causing opinion change than cone-sided messages
under these conditions.

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 voting for or against a scheme.
Hence it would seem advisable to stress both the benefits
and the costs of a scheme but to point out 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.

experimental groups to the same taped persuasive message
and to measure opinion change with a guestionnaire. In
one group the tape is attributed tc a credible source and
to another the taped message is attributed to a non-
credible source.

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

3. Horland, C.I.et.al. Communication and Persuasion.
Yale University Press, 19§$é



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 i1t appears that he has 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 gain acceptance of an issue now 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.b

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 rocts 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 numewlca¢ Strength.
If these influentials have attitudes contrary to a scheme
they may wreck it. It may be worthwhile identifying
influentials within a committee or within a community and
exerting more than average persuasive influence on them.

In doing this it is worthwhile considering the factors which
may underlie their attitudes. These causative factors
can be classed as follows.>

(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 but found that he had to
clear up both trees and debris instead of 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

L. Lewin, K. Studies in Group Decision in Cartwright and
Zander "Group Dynamics", Row, Peterscn 1953,

5. Sarnoff, I. and Katz, D. The motivational basis of

attit ude change. J. Abnorm. and Socc. Psychol. 49:
115, 1954.
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with new facts and by persuading him that he is making
a hasty generalisation based on inadequate experience.

(b)  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.

(c) Ego defensive causes. Attitudes can have an ego
defensive basis. Thes 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 att%tudes which impede implementation
are likely to cause delays.

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, P. Innovation in Group
Behaviour., International Conference on operational
Research 2nd, p.1l22, Aix-en-Provence, 1960.
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DECISION AND SCHEDULING PLANS FOR SECURING
DISTRICT AGREEMENT ON SOIL CONSERVATION
AND RIVER CONTROL PROJECTS

A.T.G. 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.® 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 planning and can be
expected to be equally useful in soill 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 resocurces 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, and
makes them conceive, evaluate, 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
priority Jjobs get done and that unimportant jobs do not
cause side tracking. It alsc provides a focus 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.

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

2. 1 assume that all soil conservation and river control
projects have & positive value both to the farmer and
the nation. As human beings prefer benefits to arrive
sooner rather than later, delay reduces value.

L3

Agricultural Economics Paper No.435.
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Decision Phase.

1. 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) Achieve a given objective with a minimum cost.
(b) For a given cost (or set of resources), maximise
the level of the objective (e.g. profit).

(c) Meximise 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) Lack of information on the costs and benefits of
the scheme by individuals.

(b) Low income of some farmers preventing them
capitalising on the scheme.

(c) Nearness to retirement by older farmers thus making
long term development (because of scheme)
unattractive to them.

(d) Negative attitude of influential property owners.

(e) 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 plan. 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."(c)

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

Board's Agreement Agreement in Final
to look into : principle by | N Agreement
Scheme Farmers '

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; 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.h

Means-end Anadysis of Factors in the
Develcopment of Hckianga

Income per head K\\\g
N

I Reduced Costs

I
. l Better communications
Development $\\\

Better Land Use

. Better
1 Management
IInvestmentJ I;me
Potential ) $*\\\\ Present |
Lending ~

neW'Earmers * ‘| Farmers
l Institutions

<Z :

CHANGES IN KNOWLEDGE AND ATTITUDE

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

-~

3. See "The process of management'" Newman, W.H., and
Summer, C.E. Prentice Hall, New Jersey, U.S.A.
Cpt.12 p.255.

L. "An Extension Plan for the Hokianga County", A.T.G.

McArthur, and John Askew. Auckland Advisers

Conference 1968.
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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, "Better Land
Use, "Investment" and "Better Management". The means of
Better Land Use becomes an end when we encourage farmers
from outside the district to buy 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 1t 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.

L. 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:
S1 Tour to :-inspect a similar scheme.
52 Field day on farm making good use of similar scheme.
53 Regular circular letter to farmers about scheme.
Sl Strategic visits to influential farmers by Board

“staff.

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

S6 "At Homes™ by Board Chairman and staff to explain

scheme in several locations during a week.

S7 Netional Farming Paper success stories about
similar schemes.

Sg  Exhibit at local A and P show with staff in
attendance.

89 Meeting about scheme with prestige speaker.

510 Unstructured small group meetings about district
problems.

511 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 of value. Then score the highest ranking strategy
as 100 and score the expected value of the other strategies
relative to 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
55 100 50 2,0
36 50 10 5.0
S, 35 10 3@5»
S3 30 8 3.7
Sh 20 15 1.3
82 15 5 3.0
Sll 10 7 1.4
SlO 10 20 0.5
87 3 lOoQ
89 Ly 2 2.0
88 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 37, S6 s 839 S15 Sy, 85 and 89 as shown on following

page.
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This procedure will
least it will prevent the !
into the scene. By using numbers instead of words to
represent judgement of value it often becomes clear that
certain strategies cost a greal dsal and zre probably not
very effective.
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Schedule for Scheme

Date Specific Purpose Method Who responsible

May 6 | Farmers to be Circular Soil Con.l
informed about letter
general nature of
scheme and forth-
coming tour.

June 3| Farwmers to learn Tour Soil Con.l
costs and benefits S0il Con.2
{generally) of FAO (D.of Ag.)
schenme S.C.0. (MOW%

Engineer

July 1} Farmers to be {Circular S0il Con.1
informed about letter
results of tour and
learn of forth-
coming field day.

July 1|Farmers to learn Individual| Soil Con.1l

- 19 ol cost and Visits Soil Con.?
benefit on their
f'arms of the scheme

July Farmers to be Field Day Soil Con.1l

22 informed about Soil Con.2
costs and benefits FAG (D.of Ag.)
of scheme (gener=~ 3.0.0. (MOW)
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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Bar Chart showing Activities Associated
With the Scheme

Activity |Apr. May May June June| Julyl  |July
26 13 27 10 2L 8 ﬂ 22

Prepare
circular |X— X
letter

Prepare
for Tour (X L—

Visits : X

Prepare
for X- L —
Field
Day

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.

There is no strange and mysterious process for persuading
neople 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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AT.G, McArthur
Soil Conservators Course Lincoln College

1.0 Introduction

‘A project in soil consecvation can be subdivided into a
network of individual jobs which contribute to its achievement.
Lostudy of the logical sequence of jobs needed to complete a
oroject can be of immense value to the men in charge of it.
Network oﬂdlySiu critical path dnalygio anda project
evialustion and review technlque {PERT) are all near synonyms
Tor the analysis of job scheduling of a project.

Network analysis
business. It is the t
moon rocket mjnufjﬁ‘ux
Jjobs, Network analiys
establishment and the

being used widely in industry and

5 of scheduling and controlling
iz used routinely in construction
2 been used for new product
11lation of electronic data
ﬂrorzuuwng system in of s, The technique is less than
irs old, yvet of the operation research techniques
able thu method 1is by far the most popular. Its use
ilg at an exnlosive rate. I believe Lhat it has

ities for soil conservation and river control

s

Its Fﬂin use in planning lies in the area of control of
the executlon of a »roject with network analysis it is possible
to e which jobs within a project are "critical” and which
"slack" so that resources can be a2llocated to the critical

in the project. This makes sure they are achieved on
and do not hold up the entire project.

2.0 Letwork Construction

The [irst step in network analysi‘ is to draw up the
network of jobs which =2re needed to complete the project.
For this a large piece of paper is recuilred together with the
co-onaration of the people concerned with the project whose
intimate practical kriow ledge of the business is essential.

.
GITOWS . “or instance
ation could be

2 by by

Jcbs are repressented by nodes and
a drainage project involving a pumping st
represented like this

Event 1 Activity

Scheme pianning, financing,

SugﬁeSl’i“ co nstrucfing scheme
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The nodes represent "events™ in time and mark the
beginning and end of a job or activity as it is usually

called. The planning, financing, and construction of a
scheme is the activity in this cage. 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.

EvENT Y EvenT g ' | | -

| Buenry
o

AHEAD
DECIS 10N

FinanNGnN ¢
AcTiviry 23 7

This network is a simple chain. In practice the network
will be more comnlex.

EVENTA

EVENT 2,
Go

EVENT4

FARMER, AGREEMENT
Hcﬂvﬁ\[ 2' 1_)

JPROTET
) \ComPi ETE

Drawing a network of this kind can be-a rewarding
occupation in itself. The chances of overlooking vital
steps is much reduced particularly when the construction of
the network is a team job.

Activity Numbering - the i3j system

If the events represented by the nodes are numbered then
each activity can be identified by two numbers - the 1j system.

’;\\\ PiaaNING \

1,2

cont
STRUCTION

N
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Yhus the activity of securing "farmer agreement! becomes

( as “%c*iviiy 2. 4", being numbered by the events 2 and 4
i orecede and follow 1t. The only rule that must be

followed in using this convention is that the second number
[ FOR T i P
. J: must be greatver than the first (i).

However this nrocadurf o’ coding requires the introduc-
tion ol dummy dct1v1t1 s, otherwise there can be confusion
tbetween activities. k for instance this situation.

FVJANC’N‘;
, 16

Q \\ PLANNING

\
“\\*// s 2

GNSTRUCTIc N

11

Zoth Finsncing and Agresment have the 1 code of 9,10 in
the diagram above, In order to overcome this we introduce

g dummy “cotlvity which takes zero time to perform and which
is represented by a dotted arrow.

\ CoNsSTRUCTIGN
11, 12

~bove we have made "Agreement” 9, 10 and "Dummy" 10, 11,
.y well we could hive made "Dummy” 9, 10 and “Agreement”

These dummies which are used to preserve the "ij" number-
ing system are sometimes called Midentity dummies'”. "Logical
dummies" are sometimes required to indicate the logical order
of the activities.

The | 3llomlng example shows that one can't start getling
gov&rnment support unti 1 such time as the research has been
dorte Lo d:L@rmJA the value of the project from the national
int of view \1oglcal dummy 16,18) and until one has obtained
ment in principle from Lho farmers (logical

17, 18).

<

,w

1ummy

lncorrect sequences of activities may creep in unless
legical dummies are used. 129



OBTAINWG  LOCAL >
Booy cCo-opERATION
|

19 oamwwq C\WERNMEJ\I‘\’ S 2.0
SuPlraT

’l
/ ) 8 20

17 TEIAINN § EmNAL 21 ’
\k/// RGREFMENT //
17/21

3.0 Estimating the Exvected Time LKlapse.

e

After drawing up the complete network, the next step
i3 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 tnere is a tendancy for them to make their estimates
come true!)

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 elap e {b)

Usually the frequency distribution of time elapses for
an act1v1ty are skewed to the right (positively skewed).

Frequency

X M Time elapseP
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The expected time elapse E(t) is approximated by
E(t) 2 4 [2m + (a + b))

Malcolm et.al. also suggest that the variance of time
elapse VAR(") can be approximated by

TAR(t) = Et - a)]2

Thus suppose that for the construction work of a scheme,
the most likely time is 40 weeks (m] but if the 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 80 weeks

B(t) = 5 [2 x 40 + 3 (80 + 30)]

= L5 ,
and the variance would be
“
Ayl ~
AR(v) =]89230
z

= 70 weeks
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(v) = (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 1j 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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Activity

Activity

Time Elapse

10,11
7,11
4,11

11,12

~

—

, 5
5,12
6
6,12

12,13

S DO R~JWW N
O~NEFEDNDOVRJIRWN
HW DWW N OO

[ N L TN VI V S VY

,_l

10-EARLIEST Time

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

L ~HME ERaPsSE

Evmr\O
1

i3-latest fime

Time Elapse

HENDODHENDEO



The earliest times are calculated by moving down paths away
from(Z) in a right hand direction. The next earliest time
is merely calculated by adding the time elapse onto the last
earliest time. If two or more vaths converge on one event,
several earliest times are possible. Obviously one selects
the maximum earliest time [or that event because this is the
egrliest time which this event can possibly occur.

Vhen all the earliest times have heen written in above
the nodes, work back from the finish 63 calculating Lne lates
times. In working backwards paths will converge. When two
raths converge select the minimum latest time for that event.

The next move is to calculate the slack in each step.
is

This done by subtracting the earliest time from the latest
time @t each event node. This difference is called the
slack or float. This hezs been done in the table below.
Event Latest Earliest Slack
Time Time
Start 1 0 0 0 )f
2 1 1 0 )1
3 5 ‘ 5 0 )T
8 12 12 0 )%
9 14 14 0 }é
12 17 17 0
b 6 3 3
7 9 6 3
10 13 L 9
11 13 10 3
5 15 2 13
6 16 3 13
Finish 13 18 ' 18 0
The events 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
nath that the administrator must keep his eye on. Extra

resources may have to be moved into this path if it looks as
if the activities in this critical path are running behind
time. The other paths are slack. For instance %2 5, 12)
can run 13 time units behind without affecting the flnLSh
date.

Total and Free Float.

In some znalyses where the term float (associated with
an a@ctivity) rather than slack (associated with an event) is
used, a distinction is drawn between total float and free
float, In the path (2, L, 7) the events L4 and 7 have 3 units

of slack in them. But if sctivity (2, 4} runs 3 units of
time behind time, then activity (4, 7) won't have any slack
in it, It will have to run on time.

Under the total free float system, the slack is allocated
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Use of Network 4nalysis

L. Bar Grarhs for Control. There are many ways in
information from network analysis can be presented
is with a bar rrarh for bonuro¢llnw the oroject,
from a Network ~nslysis for a Development Ies
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an eye on the chart -
that none of the steps

2. Cost of Speeding up

it 1s obviously necessary
>al path first until other v
ograms are wVﬁllqble fow C
T in cost ass ]

ths becomne C“ltlcp] urm0u<gv
alculating

S
wilh 7@1& 1

network

These increased costs can
in rebuwn from earlier arriva.
discounting techniques can be used
garlier Lompleted oroject

]

i

3. Allowance for Uncertainu”
depends to some extent on the :
time elHDSJ. The variance est S .
can be calculated from the sum of tﬁe variances
For each activity within Tho pa

Supbosm we return to soll conser
activities in a ehain-?lunn¢ng,
The variance in months of the
follows.

e}
[
Faana
Yo
47
<t
P <
-
f,...l

N O .
s

Je



Optimistic Pess 1Jt1” :

Activivy Time elapse 1iae elapne '(bmaf
(a) B 4D 6
Planning 3 9 1
Financing 5 L2 ‘ 36
Construction & 24 9
Total Variance A L6

The total variance of the path is 46 and hence the
standard deviation is V46 = 7 abproxﬁmdtcly If the expected
time for the path is 6 + 24 + 15 = L5 months then we can set
confidence limits on this expected time (if we assume a
normal distribution).

Expected time standard deviations

Hence the earliest v
completed is 45 -~ 14 = 31 =
time is 45 + 14 = 59 nmonths,

Lime we can expect the path to be
:ths, and the latest poss;b¢e

Concluding Remarks.

Computer programs are available to extract the critical
vaths, estimate, float, and prepare operating schedules in
various forms. Such analyses are run by computer service
bureaux. The Lincoln College IBM 1130 has among its software
a "Project Control System" based on network analysis which
allows for progress reporting and network restructuring during
the progress of the oroject. ,

There is an excellent programmed learning text anllable
3 1z oneself the procedure of network analysis which,
‘be seen from this introduction, are essentially straig ht
I foresee that network dnalyoi% will become part
ol 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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INTEGRATED WATLRSHED CONTROL

J.P.C. Watt B.Ag.Sc. M.3.
S0il Conservator, Otago Catchment Board

INTRODUCTION.

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 gpecialised 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 minimised. The resolution of this
problem is what is involved in integrated watershed control.

PRELIMINARY OBSERVATIONS.

In discussing integrated watershed control in New
Zealand, 1t behoves us to make some preliminary
observations., Firstly, New Zealand is a land-hungry
nation and therefore allowing for some areas to be set
aside as 'bench-mark' or 'reference' areas, each acre should
be used to the maximum. However, to combat erosion and to
Toster the protection and restoration of watershed values,
such use must be within the land's capabilities, and such
treatnent as 1s necessary should be accorded. There is
probably 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
dictate watershed management objectives in headwater areas.
For example the demand may be for a guaranteed supply of
gquality 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 gquality and
gquantity wanted - is of first importance when discussing
total resource management of a catchment.

HOW DO WE 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 Maps) 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 such that management of the water resource
is co-ordinated with other uses. Thirdly, it is essentidl
that recommendations are practical and can be effected.

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

1. What have 1 got?

2 Where have I got it?

3. What's happening on it?
L, Why 1s 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
affecting the hydrologic cycle and can be generally
dc cribed as morphology, geology, climate, vegetation, soils
and land use. Guestions 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 "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.

The basic factors involved and their inter-relationship
are clearly shown in the following schematic diagram.

| CLIMATE.| GEOLOGY |

1.Downstream demand
and 1nfiuences? MORPHOLOGY SOLLS
-water quantity DN =
-water quality gy - Existin
~-water regimen __:‘§t§>\\\ VEG lAlICN VY water &
2.0nsite catchment |° = Y] handling
values. \\\\ USE L] characteris-
tics.

Range Aarlculture Fore/;ry JWater

Recreations-
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The diagram is shown in the form of a dynamic eguation to
suggest the interdependence of the basic factors both with
onsite and offsite values and with the existing water
handling characteristics. With this idea of "dynamicism’
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
vrovides 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 size, but yield
per acre may vary as sige increases. For example, the
number of aqguifers that are intercepted through
entrenchment of a drainage system may significantly
affect the per-acre yield. Furthermcre 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 l-hour maximum flow per unit area may
decrease as area increased, the l-day flow may show
little trend, and longer durations may show increased
flow with increased area. Size therefore is 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 events. Although difficult
to describe satisfactorily, an index of the form can
be determined by calculating the compactness coefficient.*

x 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 'Tangle of repose’ also governs the
amount of radiation received. Since incoming solar
energy may be regarded as the 'engine' which directly
or indirectly governs all asnects 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 whether 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 of the numbers of first to second order
streams etc. indicates steep well drained catchments; low
ratios indicats 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
this 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 how 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 1s 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, 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 "70% of rainfall events are
of less than 20 points and last less than 8 hours™.

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 Jjust 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" which is separated from any other rainfall event by
a period of at least 6 hours.
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The impact and hydrologic consequences of snow, frost
insolation, fogs and other meteorologic phenomena, must

also be Cﬂrefu11y appraised. The importance of routine
and systematic visual observation and recerdinﬁ of such
events cannot be over emphasized. Scientific
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record the weather conditions that prevail.

instruiéntation is fine, but in its absence use
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st beware of making recommendation such as these just
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speed an analysis faster into a "pigeon-hole™ than a
series of unpractical and non-essential recommendations.

Geology.

Geology influences the natural fertility of the soil
and also the natural and accelerated erosion to which a
watershed may be subjected. Furthermore, & watershed
may be regarded simoly as a great mass of rock on top of
which is a superficial layer of ©o0il capable of supvorting
a variety of slant communities which, within certain
limitations, may be altered by and for mans' utilization.
This "mass of rock" fundamesntally influences not only the
ou““rfi ial layer of soil which is essentially the '"land
resource™, but also the water resource to a profound and
quantitatively undetermined extent. in any watershed
large guantities of water, sometimes representing a large
vercentage of the total prcc1pltatlon scercolates down into
the bed rock where it is subsequently otored released as
base flows to streams, or lost outside the atchm@nt ared.,

I we are to understand more clearly the water
egulatory characteristics of cqtchment*, it is essential
we know more about the porosity, permeability and depth of
the bed rock as these sre the factors that determine the
storage potential for water. Until thesze parameters are
determined for different WN.Z. rocks 1t is MDClent that

in the first instance the lithology, stwuwture and
geomorphology of the catchment are accurately mapped.

Soils.

Y

‘he identification of the various scils in a catchment
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control scheme ox 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,
texture, pore space and orientation, clay minerals, pans
and other factors. The third phase concerns the soils
ability to store water. Storage 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; 1t 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 the so-called
'plant-available' water. This relationship is shown in
the following diagram.,
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INTERPRETATIONS .

Returning to the six basic questions, we have now to
answer "why is it happening?" and "what does it mean?".
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 factor 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 recommendation 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.

RECOMMENDATIONS,

"How do I apply 1it?" The importance of developing
recommendations that are practical and which can be effected
has already been discussed. In integrated watershed control

it is rrobable that a considerable number of neople will be
involved in considering and implementing the recommendations.
In presenting them keep them concise, to the point, and in a
logical secuence.

Clear background information should also be provided
behind each recommendation. After all, 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 dedicated 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 interview, 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 somethlng like
fifteen well prepared and well presented papers in 23 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 1nd1v181b111ty 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 tralnlng course that has dealt
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with water and soil and people and their money.

The second reason for success is, I believe, that you
have been delving into fundamentals. You have attempted to
explore objectives and ends as well as means to the ends and
techniques of applying 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 Conference”.
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,
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 Jjealous 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 WITH 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 Act.

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 river.

This is obviously true for smaller catchments and is
probably true enough for large catchments on the New Zealand
scale, It still doesn't mean that a line can be drawn between
the lower valley and the upper catchment as a realistic or
natural division between the 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 provision 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.
Mr, 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; 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 runcff affecting a
lower catchment and not a problem of erosion. It may be,
and frequently is, a complex problem of many things from
which the objective emerges as the plan of operations,
Several speakers, including Mr. McArthur and Mr. White,
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, or a piece of rocad 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, I believe cost benefit
analysis could help you to decide when its use would be
desirable. Extend the idea to develcping rating areas for
a group of farms in the catchment on a classification basis,
or by agreement, raising the local share by loan. Test the
possibility by cost benefit analysis.

The point was made that it doesn’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, 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, 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 greatly.

I think of our architectural contracts and the accompanying
schedules of guantities. 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,
200,000 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 won't 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; 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, when almost all your
operations depend on persuading people to place their own
funds in your hands, it is not too unreascnable 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
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covered in the papers or aisScussion.

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 dividends. 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 foreman's
weekly programme.

LAND PLANNING PROVISIONS

Switching to a different type of planning, and in reply
to discussion on the paper presented by Mr. Durant, 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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