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ABSTRACT 

'l'he relationship bat~mcn man .:md his environment is in a 

const.'.l.Ilt state of chn.n.ge . The study of this interrelationship has 

commanded the attention of many disciplin0s, yot no one discipline 

can adequately comment on all essential r 0lQtionships involved. 

Geography with a tr1ditional interest in tho study of man and his 

envir onment is ideally suited to a role as a Dynthesiser of various 

interdisciplinary findings . This study is concerned with man­

environment interactions in the floodplain and in particular with 

the varying 'levols ' of mans adjustment t o the flood hazard. 

Th8 prinary aim of this r esearch \ns the identification of 

tho inter-relation of various el or.1ents i n a decision making model for 

flood hnzard adjustment. Th0 study is based on the analysis of 

adjustr:wnt t o tho flood hazard in the l ower Manm•?.tu r ogion , a l though 

it is intended th~t tho research findings and methods bo of more 

general applicabil ity for th0 study of such adjustnont decisions . 

The data used in the study was obtained fron local 

Catchment Board files and from floodplain occupants . Tho variation 

in attitudes t owards flooding and flood protection botuoon those two 

groups is etlphasised and the ef'fect of this on floodplain land use \r i th 

and without flood protection is outlined. 

Floodplain protection has a long history in the l ower 

Manawatu r egion. The range of adjustment decisions, the reasons 

for these decisions, and aspects of the inpact of those decisions 

ar c cxtunined within the analytical fra.ciework of Kates model of 



adjustment to natural hazards. .An examination of the environ.mental 

processes and tho human use processes are undertaken. 

In the: oxamination of' the hULJ.an use processes the role of' the 

decision makers h~zard perception, soar ch cf al t crn:i.ti ve a d.justments, 

and evaluation of these adjustments a re uxGLJined. The f act ors 

influencing tho Ca tchment B0ards hazm·d perception , adjustns nt search, 

and evaluat i cn are discussed within the ccnstraints of legal and 

financial limits , as well o. s the predisposition of this organisati on 

towards conventional "engineer ed solutions" t o flood protection. 

V.'ll'iati ons be tween this body and the resource users, and the i mpact 

of this on post scheme l and use i s discussed. 

The eva luative procedure used in t Lis s tudy then is 

der:ionstrated in a n anal ysis of pr ot ection nee.suros in the l ower Manawatu 

region. The application of the deci s i on Dc'l.king Dl)dcl is demonstra t ed 

and its effectiveness evaluated. It is suggested that floodplain 

protection should be viewed withi n a w:i.dor planning c ont ext and 

fl oodpla in protection can b o seen c s a co.so of inappropriat e land 

use unless viabl0 'economic ' protocticm can be pr ovided. T!i..is implies 

that post l ocational errors shOl~ld not be comj,10undGd by automatically 

providing flood prot ection. Tho timcsco.lo of 8nvironmont al processes 

and the sensitivity of tho environmental system should be considered, 

a nd a system of land use pl anned t o minimise the soci n.l costs of use. 
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Chapte ro I. 

INTRODUCTION . 

~he s tudy of man and his environme nt has l ong a tt racte d the 

at tention of geographers . Fo r many y ears howe ver , much geogr aphical 

analysis wa s divi ded between e:;caElinat i ons of th e physi c a l a nd the 

social o r e c o nomic e nvironraent . Th e r e cent resurgence of an 

integr a tive appro a c h , has r esulted in t he breakdown of th~s tradition-

a l duality of study and intra-disciplina ry conflict s , such us the 

' possiblism- probal i sm' deb a t e , h ave been c as t a s i de . La r ge ly a s a 

consequence o f such a move , the re has been a fundament a l s hift i n 

the r esearch paradi gm , fro1n wha t could be termed r egional c a t a loguing, 

or place s pecific studi es , t o a n examinatio n of proc esses . Att ention 

has focussed on t h e inte r a ction and interre l a tionshi ps of t he physica l 

and socio - e conomic enviro n rnentG . 

The emphas i s has thus l ::i r r~e ly shift ed fro m sys tema t ic different i a tion 

t o functiona l differenti a t ion , a nd from a conc e rn with events to a 

c onc e rn with proc e s ses . 

This n ew r esearch focu G vi ews t he earth a s space i n whic h man 

liv.s, including both the ~hysic al a n d t he social environrncnts o 

This in itself i s not n e r1 . The nove lty lies i n t he f o cus of at tention 

on the area or zone o f int er ::-~ cti o n betvrn en th e two envirOllii1e nts, tha t 

i s the systems i n t erface . 

Th e increasing awarene ss of the importance of underst a nding 

t he processes tha t determine t he na ture o r state of t h is ' systems 
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interface' has led to the emergence of environmental planning as a 

specific sphere of interest. 

One major focus within this sector of planning, is the 

analysis of management policy of areas . in which the operations of 

environmental processes adversely affect land occupance. There are 

a number of such situations, including river floodplains, coastal 

erosion and flooding and earthquake zones, in which land use is 

subject to the vagaries of nature. 

One school of research that has been most active in 

attempting to prom9te understanding of the nature of the interaction 

between man and his environment has been that of natural hazard 

research (N.H.R.). Burton (1962, p11) identif'ied three major focii 

in N.H.R. each employing a distinctive approach.· These are: 

The Attitude Studies 

Research in this field has attempted to determine the nature 

of the relationship between attitudes towards flooding, socio-economio 

class, education, and levels of flood hazard and protection inform­

ation. Pioneering work was done by Rodger (1961) in Topeka, Kansas, 

and Burton (1961) in the Hammond-Munster area of the Little Calumet 

floodplain in Indiana. Both researchers found there was no correlation 

between attitudes towards f'uture flooding and socio-eoonomic class, 

or knowledge of protective structures. 

The Disaster Studies 

A second approach has been led by the N.A.S. - N.R.C. 
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Disaster Researoh Centre at Ohio State University. Here, students of 

sociology, social psychology, and other behavioural scientists have 

been concerned with the study of leadership and group interaction. 

The interest in this research has been stimulated by the hypothesised 

similarity of human behaviour du'l'.'ing an emergency period and under 

stress, and individual and group behaviour in time of nuclear attaok. 

The Deci~io_~~U~:i.n ·L~~~.1:~~ 

The ~hird are~ of research is that initiated by the 

University of Chicago tL!cer the leadership of G.F. White . Research 

here has been concerned with the long run persistence of settlement 

in hazardous areas, esp8~ially floodplains, and man's associated 

attempts to reduce the effect J of the hazard event. 

At the basis of -Chc.:' 3 ~"'-udie8 is -~he concept of a natural 

hazard. There are t v:o basic cl ~u:8;i,.; n in the definition of a natural 

hB.zard: 

(a) the socio-ec0norrC.c system which r eflects man's occupance of an 

area, a.."YJ.d 

(b) the process of nat·,.,_:. .... o. 

The interac·c:;_o~ cf -';;he;:;e elements usually can be seen as a 

procesc of mutU3.l adjustmen-c ; -this interaction becomes hazardous in 

terms of human occupance wh8~ the capabilities of the occupants of an 

area to adjust ~o the ext~c~es of geophysical events are exceeded and 

harmful cff;::ct:::" ::;.sno e A r..atlli."al hazard then is the result o:f' the 

intcrraction of man and na.J;ur1:: .:governed by thE. oo-existent state of 
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adjustment in the human use system and the state of nature in the 

natural events system" (Kates, 1970, p1) . 

Natural hazards research initially arose from a concern over 

the paradoxical situation where , despite his technological power and 

increasing ecological dominance, man's vulnerability to environmental 

hazards and the damage caused by such events appeared to be 

increasing. The awareness of the risk of repeated disasters is 

pr obably higher in modern man than any of his predecessors, but the 

pattern of reinvasion of hazardous areas is probably stronger than 

ever before. The magnitude of impact of 'rare' natural events on 

society is increasing in terms of real pr operty damage and loss of 

life, although there may be a verbal reluctance to accept these costs. 

This may be prompted by t he continuing pressures promoting the 

spread of man and the apparent increase in damages due to improved 

communication networks which r eadily bring notice of such events to 

the attention of people all over the world. 

Natural hazards research has been conducted within a human 

ecological framework in which man is viewed as the ecological 

dominant. This has led to a specific consideration of the implications 

of man's actions affecting the physical environment. It has been noted 

that "it may be helpful to combine an anthropocentric notion of 

ecological human dominance with a normative concern for understanding 

the implications of human actions and taking responsibility for them" 

(Burton et al, 1968, p5 ). 
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Recognition has been taken of the fact that man's attitude 

to the natural environment seldom, if ever, involves an optimum 

response to its conditions. Man tends to aim at satisficing 

behaviour due to the complexity of natural systems, economics, socio­

political constraints and his limited ability to adequately perceive 

his environment and its inherent hazards. 

Attention has focussed on the positive choice exercised by 

man and the resultant interaction between man and nature. Over the 

short run this interaction tends to be stable, homeostatic and self 

regulating but in the long run, dynamic, adaptive and evolutionary 

in the direction of increasing control of man over his environment. 

It is worthwhile to take note of' the warning that "given the present 

rapid rates of change, the long run increasingly shortens and it 

remains to be seen wh ether t hat which is extremely adaptive will not 

prove maladaptive in the future" (Kates, 1970, p2) .. 

R~viawing the - <li~~e~on+ h:rpothesas and models of natural 

hazard research , Kates (1970) stated that the basic research paradigm 

of the various natural hazard papers have a ttempted to: 

1. assess the extent of human occupance in hazard zones. 

2. identify the full range of possible hu1an adjustments. 

3. study how men perceive and estimate the hazard. 

4. describe the process of adaption of damage reducing adjustments 

in their social context. 

5. estimate the optimal set of adjustments in terms of anticipated 

social consequences. 
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It has been generally held that to fully Understand the 

natural phenomena gives man the opportunity of avoiding or circum­

venting the hazard. That is, it was believed that through such 

studies a more optimal control, preparedness and utilization of the 

hazard situation would result. 

Natural hazards research began with a paper by White, 1945, 

and the post-war years, particularly the last ten to fifteen years, 

have seen a greatly increased interest in such studies. Four reasons 

are tentatively forwarded to explain this: 

1. Natural hazards become greater problems in the minds of men as 

affluence spreads and as recognition grows of a social 

responsibility to cushion all members of a society against 

unexpected hazards (Burton, et al, 1968, p4). 

2. There is a general feeling that advances in technology will, in 

the near f'uture, enable some degree of control over presently 

uncontrollable events. Associated with the increase in 

technology is an increased intolerance of the vagaries of nature. 

3. There is increasing pressure from within and rutside government 

to improve criteria on which public spending decisions are made. 

4. The rapidly increasing damages caused by natural hazards 

Human occupance of floodplains represents a major theme in 

the examination of the interaction of bio-physical and socio-economic 

systems. The perceived benefits of floodplain location and the 

hazardousness of such locations present an inherent conflict situation. 

Rather than passive acceptance of flood losses, there has developed 
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a major e£fort in hydrological engineering through which positive 

interactions are made in the physical processes. 

In spite of an increasingly large investment in flood 

protection works, the average annual damages caused by floods appear 

to have been steadily increasing. The most comprehensive data 

available is that for the U.S.A. Holmes (1961, p11) calculated total 

U.S.A. f'lood damages for the period 1903 to 1936 to be U.S.$4.1 

billion and U.S.$6.6 billion for the period 1937 to 1958. This was 

measured in constant 1957 dollars, and suggested flood damages were 

2.5 times greater in the latter period. Hines (1970, p322) calculated 

annual U.S.A. flood damage as U.S.$100 million in 1900 and U.S.$1.7 

billion in 1968, despite an increase in expenditure on flood 

protection from U.S.$270 million a year between 1936 and 1962 to over 

U.S.$500 million in 1968. The difference in damage estimates by these 

two sources reflects the basic lack of unde~~~ding of the flood 

hazard. situation, but both sets of data indicate increased expenditure 

on flood protection measures has not prevented increased flood damages. 

Figures provided by Erickson (1970) indicate a similar situation exists 

in New Zealand. In 1955 N.Z.$20458 million was spent on flood 

protection and this was increased by 171 per cent to N. Z.$6.665 million 

in 1969. Flood damages in this period however, increased from N.Z.$ 

1.232 million a year to N.Z.$2.828 million. Whilst these figures 

suggest a greater degree of success in flood protection than in the 

U.S.A., Erickson noted that a closer examination or the distribution 

of expenditure and flood losse~ reveals that it is only in the richer 

catchments where rates can be levied on a large city population that 



,lro-ge capitaJ. -outlay-a :f'cr- protectiun-can be _ supported and damages 

e:tgnif'icantly reduced. 

8. 

There have been a nun"0er cf' r ecs ons forwarded to account for 

tte increasing flood losses. These include: 

1 • an increased. accuracy and cove:::-age in t~-:.e collection of darmge 

data. 

2. a short run increase in the f:i:-equency and magnitude of floods. 

3. a general increase in price levels. 

4. expanding investment and :::0t·Uement in areas liable to flooding. 

Kates ( 1962, p4) considercCi that eve:l after dis0f"\1mting the 

effects of the first three factors, one must aonclude that the failure 

of flood programs to reduce flood damage is primarily due to the 

pres~~re to develop flood plain l ands , especially in urban areas. 

White has on many occasj ons attdc'Yt.00 +he increase in flood darmges 

to what he has termed the 1 invasio:1 of J.:;l;-:; floodplain' , commenting 

"the problem is that more and mc::-c peopl e are moving in·co the flood 

ha zard areas, SO damage :::ioten-c:iaJ 1:e3pP ,50~~- : - g Up 0 on 
11 (White, quoted 

by Hines, 1971~ p323). 

The flood control pr0,je c ~;9 i ··tir-';»1E1e i ves are a major cause of 

this situation, as once flood p:;..~otection is provided, a false eenso of 

security is often promoted, and more intense settlement of the flood 

plain then occu:::-s. Flood cont·~ol programmes, while substantially 

reducing existing damages, actually encourage an increase in damage 

potential. Hines (1970, p322) has noted that for every U.S,$6 spent 

on flood protection by thP. F cC.:.:::-a .... . '::'ro,·::::::-nmenJc in the U.S. A. , U.S.$ 5 



9. 

is spent by the general public in expanding into flood plains. This 

increase in damage potential has been calculated at 1.4 per cent per 

year by the Corps of Engineers and 2.7 per cent per year by White 

(1958, p1). 

Possible explanations for this rapid increase have been 

suggested by Hines (1971, p322) and White (1968, p160): 

1. ignorance that the area is subject to flooding. 

2. the failure of developers to warn prospective buyers that the 

land may flood. 

3. the existence of structures in the f'loodplains leads others to 

assume there is no danger. 

4. the tendency of people to prefer living and working on level 

bottom lands. 

5. the higher value of floodplains representing a potentially 

higher source of tax revenue (than hilly areas). 

6. the lower costs of floodplain sites for development when neglecting 

the costs of flood damages or flood protection works. 

7. the anticipation of flood damage prevention works through 

governmental flood control programmes. 

The basic problem is compounded by the fact that the 

traditional adjustment to the flood hazard - engineering works -

provide only partial f'lood protection. Such protection schemes 

eliminate the damages caused by the smaller, more frequent, floods 

but not the larger, less f'requent floods. 



RESEARCH TOPIC AR.EA 

This research examines the decision-making process involved 

in the choice of adjustment to the flood hazard. The intention of 

this research exercise in con:mon with other natural hazard decision­

making studies, is to increase understanding of the process of flood­

plain occupation and the nature of man's response to the flood hazard. 

The primary areas of interest are: the interaction of man, the 

floodplain and the hydrological system; the range of alternative 

adjustments to the physical process; and the character of use of 

natural resources. White (1945) stressed the nature of this 

relationship as "floodplain settlement represents an interaction 

between the human system with its economic, social and geographical 

relationships and a hydrological system, marked by strong elements of 

uncertainty". The selection of alternative adjustments to the flood 

hazard and the location decision involves a process of choice and 

decision. The :tramework of decision theory provides a useful means 

of understanding the processes involved. 

The model which is outlined here and later employed as the 

initial analytical frame for the study of the Lower Manawatu Flood 

Control Scheme is that proposed by Kates (1972). 

KATES 'ffODEL. 

Kates' model has two major elements: 

1. It outlines the structural components of the decision system, and 

2. It outlines the actual process of making a decision. 
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1. Structural Components of the Decision Ma.king Systent 

The structural components of the decision system represent 

what is perhaps the underlying or basic theme of the model. These 

are indicated in Figure 1.1. Briefly stated, the model notes that at 

some point in time and space, man and nature, in the form of a Natural 

Events System (N.E.S.) and Human Use System (H.u.s.) interact to pose 

a Natu~l Hazard. This generates a speci:fio set of hazard e:N'ects, 

which in turn evokes a response in the form of some adjustment to the 

hazard. This adjustment may modify either the H.U.S. or the N.E.S. 

or it may be of a temporary or emergency nature. 

A. The Human Use System 

Under the terms of the model the Human Use System 

incorporates all human activity in the region under study and 

includes: 

(i) the specific human occupence in tenns of numbers, age, 

sex, diurnal or seasonal occupanoe; 

(ii) activities - economic, social, political; and 

(iii) an inventory of Ga.ma.geable material wealth. 

B. The Natural Events System 

The N.E.S. includes all those factors resultant of the 

forces of nature. These are reduced to four major indices for 

purposes of description in the model. 

(i) Magnitude - a dimensional volume or energy expression; 

(ii) Duration - a temporal spacing ranging from seconds to 

years; 
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(iii) Frequencies - expressed as a probabiiity of oocuITenoe 

in a given time period or Return Period; and 

(iv) Temporal spacing - where the event is described in 

terms of being random, even (seasonal or regular 

period) or clustered (serially correlated). 

c. The Natural Hazard 

A natural event becomes hazardous only if it threatens 

man or his activities. There are no set physical dimensions to a 

natural hazard. The volume or magnitude of energy release in one 

situation that causes damage may not do so in another. What 

constitutes a hazard for one then, may not necessarily be so for 

another; for example, snow and ice are hazards in certain environ­

ments especially urban areas, but are part of the natural environment 

for Eskimoes in Alaska. A natural hazard then can only be judged in 

its particular environmental setting and the level of adjustment in 

the corresponding social envirol\Illent. 

D. The Hazard Effects 

The effect of any hazard event is dependent upon the 

size of the event and the nature of adjustment in the corresponding 

H.U.S. The e:ffects of a hazard may be: 

(i) indirect, as when social and personal activities are 

a:N'eoted or 

(ii) direct, as when economic activity is affected, orops 

lostor damaged, buildings damaged, eto.; 
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(iii) beneficial, as for those who provide emergency services, 

or 

(iv) harmf'ul, as in the curtailment of economic or social 

activity; 

(v) losses may range from nil to catastrophic and have from 

short to long term effects. 

2. The Adjustment Decision Process 

Decision making in its broadest sense may be viewed as the 

selection of alternative courses of human behaviour. This process is 

described by the Kates model in the form of a submodel. This submodel 

The "Adjustment Process Control" includes a "Managerial Adjustment 

Decision Model" and an "Aggregate Adjustment Decision Model". The 

actual process of making a decision in the choice of adjustment to a 

hazard is described by the "Managerial Adjustment Decision Model" 

which is outlined in greater detail in Figure 1 .2. 

A. The Managerial Adjus~m~~-1?.~~i~ion Model 

'l'he model of the decision making process, in common with 

other decision making schemes . has four i.mderlying assumptions . 

( i) The Rat:i_Q_na~i ty of Man 

Simons' concept of Bounded Rationality forms the basis 

of the geographers' view of man's ability to choose clearly and 

consistently those courses of action that are the most appropriate 

to attaining desired goals. The choice of adjustment is seen as 

being limited by the ability of the human mind to take account 

of all the oomplexi ~:i . P.~ A'ncl ~xternal effects of factors operating 
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in the final adjustment choice, 

(ii) The Process of Choice 

Three types of choice operate in the decision making 

process. These are: conscious choice, unconscious choice, and 

habitual choice. All three are recognised as playing a part in 

the final adjustment decision, but it is believed conscious 

choice which is limited only by 'restraint' and 'awareness' is 

the predominant choice process. 

(iii) Uncertain_iy 

It is recognised that in the complex real world 

situation, all knowledge is seldom brought together at one time, 

and when it is, it is seldom assimilated, It is therefore 

recognised that conditions under which choice is ID9.de involve 

a considerable degree of uncertainty. Consequently allowance 

must be made for the varying degress of awareness of choice 

among resource users. 

(iv) Evaluation 

Decision making theory allows for a wide variation in 

the form and effectiveness of evaluation criteria used by 

resource users. 

Kates model of the process of' decision making is "the 

current state of' our decision-making theory strung together in an 

operative sequence" (Kates 1970, p7). The sequence of events in 

the decision making process as shown in Figure 1 •. 2 is: 
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r. Perception 

For the manager of each unit there is a threshold of 

perception, below which no response is evokea and no adjust­

ment sought or evaluated. This threshold of hazard 

perception is most probably a function of the managers' 

personality traits such as attitude towards fate and 

tolerance of risk taking and his personal hazard experience. 

II. Search of Alternatives 

When a hazard event exceeds the managers' perception threshold 

a search of alternative adjustments is begun. This search is 

limited by 

(a) the managers' access to communication networks, which 

Kates believes can be approximated by the socio-economic 

indicators of age, education, income and travel~ 

(b) the role-responsibility of the decision maker; and 

(c) the individual personality of the decision maker. 

III. Evaluation of Alternatives 

An evaluation of the known adjustments then takes place. 

Ideally, an evaluation is based on environmental, economic 

and social considerations, and limited only by technology 

available to the decision maker, social and legal restraints. 

These criteria are described in greater detail in Chapter 

Three. The criteria are not of equal priority and va:ry 

according to the role-responsibility of the decision making 

agency and the use characteristics of the environmental 
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setting. The model allows for this through the attaching 

of various weights or values to such criteria. Based on 

the evaluation process a decision to adopt a particular 

adjustment or not is made. If rejected, provision is made 

to feed back into the decision ma.king system with provision 

being made for a change of a manager's perception threshhold 

of a problem; a renewed search of alternatives; or a 

modification in the standards of acceptance of a solution. 

B. Aggregate Adjustment Decision Model 

The distribution of the adoption of adjustments by 

individual managers is related to hazard frequency. In areas of low 

hazard frequency few, if any, managers adopt adjustments; in areas 

of high hazard frequency adoption is widespread. In areas of inter­

mediate frequency there is considerable vari ation in the adoption of 

adjustments. 

Adjustments to Natural Hazard 

Three forms of response or adjustments to a hazard can be 

made. These are: 

(a) those that seek to modify the natural events system. 

(b) those that seek to modify the human use system, and 

(c) a set of post-event emergency adjustments. 

Of those adjustments that seek to modify the natural events 

system, the most common or widespread adjustment is an appeal to some 

supernatural power (Kates, 1970, p.18). Other adjustments attempt to 

effect 



the natural process or alter the spatial or temporal distribution of 

the event. A more detailed discussion of these adjustments is given 

in Chapter Three. 

A considerable variety of adjustments that seek to modify 

the 'Human Use System' exist. These include attempts to raise the 

damage threshold and the point where damage begins or to change the 

entire damage potential distribution. Evacuation and other related 

adjustments as well as bearing the loss are all included in this 

category, as are those adjustments where hazard effects are externalise4 

through spreading them over a wider time, space or society, through 

public relief, insurance etc. 

Post-Event Emergency adjustments include rescue and relief' 

operations than can save life and reduce the burden of the hazard. 

Kates· model has two major features that are of importance 

for this study. 

(a) It models the hazard within a human ecological f'rame­

work. 

(b) It focuses on the decision-ma.king process that occurs 

in response to the hazard. 

A major aspect of the decision-ma.king process is the 

potential for a continuous flow of in:f'ormation regarding the state of 
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the physical and social sett:ing. Thia approach is adopted because 

of the importance of the interaction of these two elements or 

processes in generat:ing the detrimental effects that are the initial 

stimulus to the problem definitionr 

The model is suf'ficiently flexible to allow for periodic 

refinement in the decision-mak:ing process in the light of the new 

information inputs and increased awareness of the interactions of 

elements involved. The model recognises that :interventions into 

the 'natural' setting appear to be inevitable, ani that this inter­

vention in practice does not have to justify itself, nor does it 

necessarily have to be in favour of nature. This model, without 

attempt:ing to impose an environmental dictat, brings to attention the 

constraints operat:ing in both the physical and socia l environments, 

thereby facilitating an effective evaluation of the situation. The 

model is therefore considered suf'ficiently comprehensive to make a 

useful contribution to the reduction of the social costs of inter­

ventions into the natural system. 

The subject area presented for detailed scrutiny in this 

study is the Lower Manawatu Flood Control Scheme with specific 

attention focused on the decision-ma.king process that occurred in 

response to the :f'lood hazard.. The initial consideration of such 

human intervention :into the piysical environment must be an 

examination of the physical setting itself and the existing social 

system. Once this has been accomplished, an elaboration of, and 

investigation of the decision-making process can begi~. 
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CHAPrER 2 

THE M.ANAWATU SETTING 

I. THE NATURAL EVENTS SYSTEM 

A. The Ma jor Physiographic Zones 

The Manawatu River Catchment shown in Figure 2.1 drains 

an area of 600,000 hectares. A great diversity of land forms are to 

be found within this region. To a large extent, these landforms 

reflect the underlying geologic structure. Two major physiogra µrl.c 

zones can be readily identified. These are: 

1. The Ranges and Hill Country. 

2. The Plains - this includes (a ) river terraces, 

(b) alluvial plains, 

(c) coastal sand country. 

1. The Ranges and Hill Country 

The Tararua and Rua.hine ranges dominate the Manawatu River 

Catchment. They trend in a NNE - SSW direction rising to over 1,800 

metres with the main ridges around 1 , 000 to 1 , 200 metres above 3ea 

level. The ranges are broken at the Manawa.tu Gorge where they are 

penetrated by the Manawatu River. The Tararuaa here are at an 

elevation of' 4DO metres above sea.level, and to the north, the 

Ruahine ranges start. 

The ranges are underlain by greywacke with alternating 
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zones of argillite. Deformation has affected the softer, more easily 

prodible argillite. This has resulted in the formation of r a zor-back 

ridges, spurs and peaks of greywacke with gullies, valleys and small 

depressions or argillite. The intensity of internal deformation has 

resulted in the rocks becoming highly shatter ed and brecciated a long 

the numerous faults. 

In the ranges, steep slopes predominate, averaging over 30° 

on the sides of spurs and ridges and 15° to 25° on the crests. In 

the northern Tararuas are extensive flattish and rolling areas, 

remnants of an ancient peneplain. The rugged nature of the ranges 

can be attributed to the non uniform nature of their uplift, their 

geologic structure and the processes that have been in operation in 

the years since their initial formation. 

The tertiary hill country tha t fl anks the ranges at an 

elevation of 75 to 100 metres consists of sandstones, siltstones, 

·conglomerate and limestone l a id down during the l ast fifteen million 

years, when the land was at a lower level and covered by a sea, which 

probably extended through the Gorge. The l ruid was l ater uplifted by 

and the sediments folded, hardened and subsequently dissected 

streams. Volcanic eruptions in the central North Island occurred 

at this time, depositing thick pumicious deposits in the sediments. 

2 • The Plains 

The Plains may be divided into three major physiographic 

zones; the river terraces, the alluvial plains and the coastal 
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sand country~ 

(a) The River TeITaces 

The river terraces were produced by fluctuations in climate, 

during the waning phase of the Pleistocene, which were of suff'icient 

severity to induce changes in the regime of the river causing periodic 

aggradation and degradation which produced the teITacing. 

(b) The Alluvial Plains 

An extensive area of alluvium deposited by the rivers which 

drain the hinterland, lies between the coastal sand country of the 

coastal lowland. The alluvial plains are characterised by low 

elevation (less than 20 metres), relatively level topography, their 

composition of gravels, sands and silt, and recent origin. 

Recent alluviation has been a ided by several f actors. 

These include: 

(i) A rise of over 100 metres in the sea level since the 

Pleistocene Period. Any rise in the sea level will 

cause alluvial deposition in the lower channel and 

downcutting upstream in order that channel flow may 

be maintained. 

(ii) The warming of the climate aided deposition of the 

coastal plain as rivers in degrading their upstream 

channels renoved detr~tus that had built up in the 

earlier cold period. 

(iii) The sinking of the main valleys relative to their 

adjacent anticlinal structures has also aided deposition 

in the lower courses of the river. 
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Periodic flooding over the years resulted in broad levees 

higher than the sUITounding land be],.ng built up adjacent to the 

rivers. Away from the river, land in places is lower lying than the 

river itsell, 

The gradual subsidence of the Kaira.nga trough has created 

very low lying land in the area between Opild. and Shannon. In order 

to maintain viable flow, the Manawatu River has built up its bed and 

lengthened its course by meandering, thereby creating a major flood 

problem in this region. 

3. The Sand Country 

The sand country consists of a belt of sand, sand dunes and 

sand.plains which border the coast extending between one and fifteen 

kilometres inland. Macro relief is low, with no dunes exceeding 1 00 

metres in height and few exceeding 75 metres. Micro relief, however, 

is considerable, with dtme slopes ranging from 3° to 35°. 

B. ~ 

The soil pattern of the area shovm in Figure 2.2 follows the 

land form units outlined above. Thero is a considerable variety in 

the structure and fertility of the soils. 

I. Soils of the Ranges and Hill Country 

These soils are mainly f'ormed from greywacke and sandstone. 

They are generally shallow and stoney. In the areas of high rainfall, 

much is covered in original forest. Here, soils are of low natural 

fertility. On the easier slopes soils contain some volcanic ash and 

silt. On the rolling slopes, soils are deeper, but are heavily 
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leached of plant nutrients. Good pastures can be maintained with 

adequate topdressing. Soils fonned from sedimentary rocks are small 

in area and contain some loose unconsolidated sands causing severe 

gully erosion. 

2. Soila of the Terrace Country 

These soils are of two main gr oups - the yellow grey ·earths 

and the yellow·brown l oams. 

The yellow grey· earths are f ound on the r olling country 

surrounding the alluvial pl a ins . They ar e char acterised by t opsoil 

overlaying a heavy clay loam and clay sub- s oils vr.ith iron mottling 

concentrations . These soils aro relatively f erti l e and can sustain 

cropping provided they are drained . 

The yellow brown l oams are free draining soils containing 

some volcanic ash. Natural fertility i s not high and phosphate 

fixation occurs . Pota sh r e serves are also low. Despite this, these 

soils have many good qualities f or f arming and with adequate t op­

dressing, good pa stures and high stocking r at es can be attained. 

3. Soils of the River Flats 

These s oils are derived fro~ alluvial deposits brought down 

by the rivers. They are generally of high fertility. Some of the 

heavier silts, located further away from the river, are fertile but 

r equire extensive dra inage before pastor al farming and cropping can 

be practised. In those areas around or below sea level, peaty soils 

have been formed, consisting of a mixture of alluvium and peat . 

Dairying and fattening are t he major activities on these areas, 
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although cropping of potatoes and onions is practised where the peat 

is not very deep. / 

4. Soils of the Sand Country 

The sand country soils are formed mainly from wind-blown 

sand. Near the coast these are very young and raw, with dunes being 

infertile and unsuited to farming. Inland, these soils are older 

and more developed containing more organic material enabling good 

pastures to be maintained. A wide range of nutrient levels are 

present, but most soils respond to phosphate and potash. Some 

trace element deficiences occur and copper and selenium treatments 

are necessary. 

C. Climate 

The Manawatu Catchment area, because of its size and 

varying land form types, experiences a wide range of climatic 

conditions. 

1. Rainfall 

Rainfall in the region is generally reliable and evenly 

distributed throughout the year. Rainfall data is shown in Table I 

and Figure 2.3. On the lowlands rainfall varies between 30" and 50" 

(900 and 1,250 mm) per year. On the hills and ranges rainfall is 

greater, averaging between 60" and 150" (1,500 and. 3,800 mm) per 

year in the Rua.hine Ranges and 100" and 250" (2,.500 and 6,350 mm) 

per year in the Ta.rarua Ranges, Rain days per year on the lowlands 

are 150 to 175 which is lower than most North Island districts. 

In the ranges, however, rainfall is experienced up to 200 days per 
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year. There is little variation in the aistribution of rainfall over 

the year, there being only a 25.4 mm di:f':f'erence between the wettest 

ana ariest month for Palmerston North. The intensity of the ndnf'all 

on the lowlands ranges up to a maximum recorded daily rainfall of 

140 mm. at Levin and 160 mm at Palmerston North. In the ranges 

intensities frequently exceed 25 mm and sometimes 50 mm per hour 

(Holloway, 1943). 

Sunshine is plentiful on the coastal regions with Foxton 

experiencing 2,080 hours per year and Palmerston North 1,814 hours 

per yea:r, that is, 42 per cent of the possible. This contrasts with 

the ranges where only 80 days per year experience seven hours clear 

weather per day. 

The high sunshine hours on the lowlands is partly due to 

the windiness of the region. High winas are a chief characteristic 

with westerlies prevailing. 

Mean temperatures are moderate and only slight di:f':f'erences 

exist between coastal and inland situations. Ground frosts are not 

heavy and occur on average 61 days per year in Palmerston North, and 

are most severe in May and August, while the coastal strip is fairly 

frost free. The coldest month is July with an average temperature of 

8 0 0 .3 C at sea level and 2.2 C at 1 ,300 metres above sea level. The 

warmest months are January and February with an average temperature 

6 0 0 of 1 .5 C at sea level and 10.5 C at 1 ,300 metres abo.r e sea level. 

The Manawatu Catchment Boa.rd has noted the major storm types 
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which have given rise to major floods experienced. in the region in 

the past. These are outlined below (Table II). 

Type 

A 

B 

c 

TABLE II - STOR.¥ TYPES CAUSING FLOODING Il! THE ~f.P.NAW.ATU . ...-...-. .. ~ ,. ----------

Meteorlogical Description of Storm 

Pressure centre from the Tasman sea 
travels from West to East across the 
catchment or its path lies somewhat to 
the North. This type can be subdivided 
into A

1 
and A

2 

Deep centre with moderate or rapid mut. 
Rain is generously distributed over the 
whole catchment with the highest con­
centra tions on the East of the ranges 

Shallow centre usually moving very 
slowly. In this type rain is usually 
concentrated in a fronta l zone which 
moves slowly across the catchment. 

Depressions often of tropical or1g1na 
which move Southeasterly on a front 
which lies to the East or North of the 
catchment. Rainfall in this situation 
is usually mostly concentrated on the 
eastward. of' the Ruahine and Tararua. 
Ranges 

Westerly type. Rainfall is heavy in 
the Oroua catchment, in the ranges 
and through the Gorge to Woodville and 
Pahiatua, but is negligible f'urther 
to the Ea.st. 

Year and Flow 

(flow in cusecs) 

April 1895 
June 1902 -

140,000 
June 1936 -

76,000 
July 1942 -

76,500 
June 1947 -

93,000 
May 1948 -

74,000 

January 1 907 
May 1941 -

115,000 
October 1 945 -

84,750 

May 1907 
April 1936 
May 1917 
June 1917 
February 1936 -

93,000 

July 1926 -
68,250 

Source: M.C.B. Researoh 



D. Vegetation 

Zotov (1938) made an early attempt to describe the pre­

European vegetation of the Manawatu. His s tudy revealed that little 

of the original vegetation remains today. Forest, subalpine, scrub­

la.nd and alpine grassland types have been described by Holloway et al 

(1963), and the forest types have been outlined in more detail by 

Franklin ( 1967). 

The original vegetation on both the hills and the lowland 

was a dense podocarp forest, bush, with swamps of flax ani sand dunes 

along the low lying coastal belt. Within the bush were small 

isola ted clearings of grassland alongside rivers and streams. Very 

little remains of this original vegetation today on the lower 

elevations apart from the Totara Reserve in the Pohangina Valley, at 

'Highdale', seven acres near the Awapuni Dairy factory, and a t 

several small locations along the Palmerston North-Shannon highway. 

The forsts of t ot a ra , rimu and matai have all been either 

milled or cleared by burning. The timberline t oday varies in altitude 

between 600 and 1 1 200 metres depending upon the dominant species. 

The once-forested lands have been replaced with high producing exotic 

pastures in the lowland areas and by lower producing pastures of 

browntop and danthonia in the foothill and hill country, while much 

of the sand country is in ma?Tam grass and areas of swamp flax still 

remain. An additional feature of' the ne\v ~egetation cover is the 

sparse covering on some of the steeper slopes due in part to the 
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lapse of time between firing and grassing but also because the new 

vegetation was not able to hold the land in such areas in a steady 

state as the original vegetation. The result has been a considerable 

amount of material eroded into the streams and rivers. 

E. Erosion 

Erosion in the region is due to the altered ecological 

balance in certain parts of the region, resulting primarily from the 

removal of the natural vegetation. 

In the regions above the treeline, where vegetation cover 

is sparse; climate is a dominant factor influencing the severity, 

and the type of erosion. Here peri-glacial erosion occurs at ' 

high rate by the freeze and thaw action of frost, and the tops of 

the ranges are subject to considerable wind erosion. The 

susceptibility of areas of argillite to erosion has been mentioned 

earlier. 

Erosion in the hill country is limited mainly to slipping, 

with the occasional area of gullying where the soil mantle has been 

partly or completely removed and bedrock exposed. This erosion is 

due to the formerly high concentrations of noxious animals which, 

with the exception of the opossum, have since been significantly 

reduced. 

On the foothills where land has been cleared and overstocked 

and insuf'.ficient fertilizer applied, there has been extensive slipping, 

and damage from sheet and wind erosion. 
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On the terraces and rock slopes, erosion is minimal being 

limited to minor slips and stock induced soil erosion (including 

terracettes) with sheet erosion on terrace scarps. There is some 

stream bank erosion with the most serious ar ea being near the mouth 

of the Manawatu River and just downstream of the Whirokino cut. The 

worst erosion in the region was found in sand country with dune 

building and topsoil removal. 

It is, however, the erosion in the ranges and hill country 

that contribute to the major amount of sediment in the river system 

which provides the major flood problems. 

F. The Drainage System 

The drainage pattern of the Ma.nawatu as s hown in Figure 2.1 

is unusual in that the Ma.nawatu River flows on both sides of the 

ranges. As such, the Cathment can be divided into t wo regions - above 

the Gorge and below the Gorge. Above the Gorge, the Mangatainoka , 

Tiraumea and Mangahao Rivers a s well as numerous other smalls trea.ms, 

drain an area of 4,830 square kilometres bef'ore entering the Manawatu 

River. Below the Gorge, the Poha.ngina, Mangaone, Oroua, Tiritea, 

Kahuterawa, and Tokoma.ru rivers drain 4,000 square kilometres before 

entering the Manawatu River. These rivers enter the Manawatu River 

in a lineal pattern from dif'f'erent directions and have widely 

scattered watersheds. Consequently; peak flows are staggered according 

to location and the likelihood of all rivers peaking at once is ranote. 

At the headwaters of the rivers, gradients are steep, with 



36. 

an average fall of 10 metres per kilometre. Above Palmerston North, 

the :Manawatu River flows between f airly high banks and is readily 

contained within the river channel. Below Palmerston North, the 

river crosses the extensive areas of the Manawatu Plains. This has 

a marked effect on the river gradient and the volume of water the 

river can carry in its natura l st ate. Between the Manawatu Gorge and 

Longburn, the average gradient is 2 metres per kilometre. Below this 

point, it eases to 1 metre per kilometre until the junction of the 

Oroua River where it eases to 1 metre every three kilometres, which ie 

maintained to the coast. 

II. THE HUM.AN USE SYSTEM 

The basic managerial unit of the human use system is the 

household. This is especially so in the rural areas, where the 

predominant activity of farming is based on individually O'\'il1ed 

enterprises, which are worked by the ovmer and his family, with the 

occasional hired hand or seasonal l abourer. In the urban areas, the 

greatest area is privately owned. There are some corporate or company 

businesses, but these do not form a very l arge part of the activities 
I 

located in the floodplain. Publical ly owned land and services, 

particularly City Council property and services, do not form a very 

large part of the survey activities. These latter activities and 

services, however, are highly capital intensive and innundation can 

cause costly damage. 

Early settlement and development in the area of study was 
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hindered by the dense bush cover and the presence of a Maori population, 

which prevented early European ownership of land. The area consequently 

remained relatively isolated and undeveloped until the l ast quarter of 

the 19th Century. 

The earlieatrettlement and economic activity was based on 

milling the forests and on the extensive areas offlax. As more 

settlers entered the area , the bush was burned, and a subsiste.nce type 

of agriculture base~ on crops, animals and revenue from the forest and 

flax industry arose. 

Land was originally leased from the Maori owners for 

agriculture but was later 'purchased'. Expansion of settlement was 

slow with Foxton being the only real centre in the whole of the 

Nanawatu in 1870. Inland settlement was begun in Sanson (1870), 

Palmerston North (1871 ), Feilding (1874), Rongotea (1878), Ashhurst 

(1879), although the actual numbers of settlers remai ned small. 

The introduction of refrigeration in 1882 contributed to 

development of the dairy industry and the rise of f at lamb production 

in the area. Co-operative dairy schemes also aided the progressive 

development of the dairy industry in the area in early years. 

The transformation of the original landscape was almost 

completed by 1920. Expansion of grassed areas after this was reflected 

in increased stock numbers. Between 1920 and World War II, the major 

changes in livestock composition and production type took place. 
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In this period, there was a decline in the r atio of dry ewes and 

wethers to breeding ewes. At the same time, t otal sheep numbers 

i ncreased by 50 per cent, but the number of r ams increased 100 

per cent. The number of store and dairy cattle also increased in this 

period, but not t o the same extent as sheep increas es. 

The development of the various t ypes of past or al f ar ming 

have been described in officia l statistics by country r egi ons for 

many years. Such boundaries are not sufficiently accura t e for the 

purposes of this study as they include largo and varying amounts of 

land that are locat ed outside of t he area of study . Basi ng any 

discussion on such statistics is ther efor e consider ed danger ous in 

tha t a true picture of the agriculture of the r egion under study may 

not be given. To overcome this it was planned t o use f igures 

provide~ by the farmers in association with Valuation Department 

statistics to outline the nature of economic activity in the area 

at the t ime of the flood scheme . Unfortunat ely the farmers wer e 

r eluctant to provide such information and Valuation Department data 

was extr emely poor, ~ith acourat e and comprehensive data recorded 

for only twelve per cent of the farms . The temptation to use data 

aggregated from these fil es by McNeil- Adams was r e jected as t here 

was no guarantee against s el ection bia s in the choice of sample f ar ms 

used . In addition to this McNeil-Adams data did not take into 

consideration the eff ect of changes in f arm size and the fact that 

some farmers run a number of f arms (both within and outside the study 

area) a s one unit, with one unit being used for wintering s~ock off, 
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or summer fattening, etc. 

Any discussion of farming enterprise in the area a.:N'ected 

by the flood scheme must consider the interdependence of this area with 

areas outside the flood scheme. This is particularly important as 

summer grazing, wintering-off stock and the purchasing in of stock 

for fattening purposes at various times of the yea:r are important 

economic activities in this region. This interdependence will become 

more obvious in the discus sion of ~jor f a rming types in the scheme 

area. 

Over the a:rea, there is an intermixing of dairying and 

sheep farming . Dairying and sheep farming in the region are therefore 

usually considered to be complementary. Many holdings run both sheep 

and cattle with few farms car rying only dairy cows . Warr (n.d. p .1 62), 

noted that there is a greater emphasis on sheep farming and fat lamb 

production in the northern part of the lowlands, while dairying and 

cropping are more important in the southern part of the lowlands. 

Information obtained from the Department of Agriculture 

files suggests that intensity and diversity are the two major 

features of farming in the area, with livestock densities among the 

highest in New Zealand. The type of farming enterprises range from 

highly intensive dairy and fat lamb production to extensive steer­

sheep and steer-cattle production. 

A. Extensl. ve Sheep Farming 

Such enterprises are characteristic of the steeper hill 
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country, the tussock areas west of the Oroua River, and areas of 

less fertile soils. At the time of the flood scheme , rams, breeding 

ewes, ewe hoggeta, some wethers as well as a number of cattle were 

run on such farms. These fanns supplied store or breeding sheep, f a t 

wethers and fat ewes to the f attening farms in the area of the flood 

scheme. Cattle numbers around the time of the scheme were subsidiary 

to sheep . The major function of cattle was related t o pasture 

management in that they grazed off the surplus spring and autumn 

growth and helped trample down secondary growth. On the margins of 

the lowlands on less steep hill country f attening was the predominant 

activity in associ ation with the r a ising of some breeding and s t ore 

stock. 

B. Intensive Sheep Farming 

Intensive sheep farms are f ound in many area s covered 

by the flood scheme. Fat lambs, stud stock and dairying are often 

combined. The emphasis on f at lambs has led to an increa se in the 

proportion of breeding ewes to dry sheep , and an increase in the 

numbers of store- sheep and breeding ewes supplied to the lowl ands by 

the hill country farms, especiall y during the summer and autumn 

months . This has markedly increa sed the interdependence of the hill 

country and lowland farming, and has been intensified by the improved 

transport system that operates between the two systems. The 

distribution of sheep is influenced not only by topography and soils, 

but also by the potential dairy cow population . The areas where the 

lightest numbers of sheep are found are those where there is more 

/ 
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intensive dairying, although these are scattered over the entire area. 

c. Dairy Fanning 

There existed a reasonable amount of dairying in the 

area at the time of the flood scheme. Production of butterfa t was 

reasonably high (128 - 130 kg's). Al though herd sizes at the time of 

the scheme were increasing the number of dairy farms was decreasing. 

The average sized farm and herd was somewhat bel ow the national 

average, although it is not possible t o give exact figures on this 

for the study area, It is apparent that there existed a larger 

number 0f small herds (less than 30 cows) than in most other area s 

of New Zealand. 

Around the time of the scheme , t here was a general trend 

towards a decreasing concentration on dairying due to: 

1. the introduction of sheep onto dairy units upon the sa le of the 

farm. 

2. the change to sheep by many farmers nearing retirement . 

3. the f avourable oversea s prices whidh l ed to a change from 

dairying to f at l amb f arming on many farms. 

There was a notable increase in the concentration on butter 

and casein production and a decreasing emphasis on cheese production 

at the time of the scheme. A notable concentration was that of town 

milk supply farms immediately surrounding Palmerston North City, 

which produced around 3,200 - 3,400 litres per day at the time of 

the scheme. 
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III. THE FLOOD HA~D 

The lower Manawatu region ha.a a long history of flooding. 

The flood hazard involved a combination of river flooding and loeal 

flooding due to impeded drainage. In the past; the Manawatu River 

was the main source of serious flooding, although in most areas local 

:f"J.ooding was ~xperieneed more often, but was less damaging in its 

effects. 

The main aouroe of flooding from rivers and streams over­

flowing their banks was the Manawatu River, but extensive areas were 

also subject to flooding from the Tokomaru and Oroua River3. Less 

extensive areas were innundated from excessive flows in the 

Ma.ngaone, Kawau Stream, Kiwi tea Stream and Whiskey Creek. These 

di:N'erent~ sources of flooding in the main oper ateu independently 

but, in some cases, such as Whiskey Creek and the Mangaone Stream, 

the flows in one influencea the effect off1ows in the other. A major 

problem occurred from the backwater ef'fects of the Oroua River, as 

when flows in the Manawatu River were high, the Oroua. River was 

unable to discharge all of its flow, and consequently land in the 

Taonui Basin area floode4~ 

Among other factors complicating the calculation of the 

problem of such overflows was that the source of the flow for each 

of these rivers and streams was d:lrrerent, and the raourrenoe 

interval, amount and type of land innundated and ooneequent damages 

caused by suoh flows were very different. 
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The problem of local flooding due to impeded drainage has 

never been examined in any detail, although it is apparent that 

lower lying areas experience the most severe local flooding. Local 

flooding occurs because of the inability of the internal drainage 

system to remove the water from the land and into the river system 

at a sufficient rate. The source of such flooding was predominantly 

local rainfall, compounded by the overflow of spillways and drains. 

The interrelationship of local flooding and river flooding 

and the spatiaJ. variation in impact of these events meant that the 

:f'lood hazard does not necessarily coincide with peak discharges from 

the Manawa tu River . For example, in June and July 1 966, the Manawa tu 

River did not rise above three metres, yet there was extensive 

innundation of land horn local flooding especially in the Taonui and. 

Lockwood areas, due to extremely heavy local ~ainfall. 

The only published data on the flood hazard is that by the 

Manawatu Catchment Board who estimated the likelihood of certain 

sized river flows and the areas that would be innundated by these 

flows. These areas and the area of land involved is shown in Figure 

4.3. The method of calculation is described in Chapter Four. 



CHAPI'ER 3 

THE ADJUSTMTtTh1T DECISION PROCESS 

A. INTRODUCTION 

It has been noted that man continually interferes with his 

environment, in o.n attempt to modify it so a.s to 'maximise 1 gains and 

at the same time protect himself from the harmful effects of nature . 

(Burton, 1962) . iiny s uch action involves a conscious or unconscious 

choice on the part of the decision maker , in selecting from a wide 

range of alternative cdjustments . These adjustments can be 

implemented by a variety of agenci es r anging from individual floodplain 

managers to collective bodies , such as government agencies , public 

organisations or ad hoc local bodies . Differ ences between these 

decision-making bodies, particularly resources at their disposal, are 

probably as important as the intensity or severity of the natural 

hazard , in determining t he nature of the adjustment that is made. 

In discussing an adjustment decision it is important to 

make a distinction between essentially privat e and public adjustment 

decisions , which despite similarities have essential differences, 

which Kates (1 962 , p143) accounts for as being primarily due to the 

difference between individual and community interests . 

1. Spillover effect s or social costs and benefits that 

cannot be allocated or captured by the market may 

not be reflected in individual decision making. 
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2• Substantially different probability distributions of 

risk exist for ccmmuni ties and individuals. 'I'he 

mobility and short planning horizons of individuals 

provide for the lower probabilities of discrete flood 

events . An individua.lsi probability is compounded 

. of the probability of his being on the floodplain ar:d 

the probability of there being a flood• 

3• Communities are subject to politica l process es that 

create demariis on the con:muni.ty for flood protection 

on the basis of consideratio1.1s that individuals making 

such demands would rx>t employ themselves. Individuals 

often demand flood protection that they are unwilling 

to pay for directly or even indirectly through their 

local cormru.ni ty. Such demands are perfectly ra tiona.l 

from the individual's point of view as the cheapest 

means of protecting oneself from flood losses. For the 

citizens of the national conmunity, they might prove to 

be a socially costly and uneconomic mea.ns of dealing 

with the problem. 

The objective of a flood protection program depends upon 

the decision making agency. Irrlividual floodplain managers do not 

follow a policy of optimising their adjustments. Public programmes 

often have the stated aim of maximising national welfare . Mankind 

however has .man;y diverse needs and :national welfare has macy 

dimensions; (social, economic,, cultural eto). It i s therefore 

necesl!ary to deal -with each of their elements separately. 



Past research has resulted in a good understanding of many 

aspects of floodplain land use in the U.S.A. Hoyt and Langbein (1955) 

have shovm the major differences in the distribution of flood events; · 

White (1958) ha s outlined the urban ad j ustment t o floods; Schaeffer 

( 1960) has shown the advantages to be gained from combining emergency 

and structural measures in the form of 'flood proofing', Murph.y (1958) 

has shown the advantages to be gained from floodplain zoning and, 

Krutilla (1966) and Lind (1967) have outlined prospects for flood 

insurance programs. On the practical side of thing5 the Tennessee 

Valley Aut hority has made intensive studies of urban centres on 

floodpla in land in t h e Tennessee Valley; the Corps of Engineer s have 

done the same for numerous other cities a nd rura l nreas ; the United 

States Soil Conservation Service has b een particular ly instrumenta l 

in watershed management and have al.so ma.de intensive studies 

providing a considerable 8l!X)unt of new information on hazard and 

use in rural floodplains. other studies, particularly by the 

U:niver·sity of Chicago team, have attempted to improve measurement 

techniques for estimating the damage caused by fl oods and of savings 

that can be made from various adjustments. Consi derable a ttention 

has been given to criteria which should guide public decisions in the 

design and approva l of protection projects. 

Until rela tively re:cently, attention was focusaedmore 

upon plamti:ng the engineerU!g works arrl judging the economic 

feasibility of a pro.ject' rather than judging the like:iy impacts 

o'f' :flood protection schemes, or the effects of past schemes.. 

Consequently, man is able t .o indicate what is e:conomically and 



physically desirable but, paradoxically, i s unable to fully explain 

why resources are used as they are, l e t alone suggest how a more 

rational use of resources could be made in the future . 
' 

In studying what people should do about floods, without 

attempting to incr ease under s t anding of the di f ferent adjustments 

tha t people actually take in living with fl oods, a wi dening gap 

bet v1een knowledge and practice in floodplain managem0nt has arisen. 

If this gap is to be closed, it is ne;cessary to know how ~ctual 

choices are made and how ne~ us es might be be t ter appraised. 

Much of the stimulus for the new emphasi s in research has 

come from the realisation tha t floodpla in occupants are not 

responding to protection schemes as it was originally t hought t hey 

would. Burton (1 962 , p144) noted that "a dominant ch8r;.:.cteristic 

of agricultural occupance (of floodpla ins) i s that the occupant 

responds to a variety of conditions ainong which the f l ood hazard is 

often not of primary significance. 11 

In an attempt to determine what factors influence an 

individual choice of adjustment, or response to adjustments, attention 

has been focuseed on attempting to underst~nd the decision making 

process, where particular emphasis has been focusl!!ed on the relation-

ships between an individual 1 s perception of a hazard, private 

adjustment to that hazard, or hazard protection s cheme, and the 

prevailing social view of losses suffered. 

In most situations there are many obstacles to the 

free-flow of infonnation from the technical expert to the floodplain 

occupant. An understanding of the way in which decisions are 
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r each(:;d an:l the way in which floodplain managers r eact to the 

adjustment , should increase the l evel of understanding of that 

adjust ment . The elem(:;nts in the decision-mald.ng process have been 

out lined abov0. Each stage of this deci s i on making pr ocess 

inf'luencesthe nature of t he adjustment adopted and the floodpl a in 

managers response to that adjustment decisi on. 

Early decis i on-making schema viewed t he deci s ion mo.king 

process as a s anewhat mechanistic operati on bas ed on the economic 

and physical fo.ctor of l and valuation; for exampl e , White 's 1345 

paper was concerned m t h the i nfluence of l un:l and water as they 

affected human adjustment to f l oods . Such a viewpoint represented a 

situa tion '"here perfect knowl edge and competition existed and land 

was in i ts 'best ' use. 

One of the first models developed to explain the decision 

making process was that by White (1 961a) . This model ( f i g 3. 1 ) 

was applicabl e to both the choice of r esource and adjustment . By a 

system of nominal notation, the model coul d be used to expl a in those 

factors that were involved in an adjustment decision. Emphasis was 

given to the range of t heoreti cally possible adjustments, the 

perception of possible c hoice and t he spati al linkages with 

activities outside of the floodplains . The model, like all early 

models of adjustments to natural hazards was of a descrip t ive 

nature , and of limited use for analytical purposes or furthering 

understanding of the decision- ma.king process . 



49. 

ELEMENTS INVOLVED IN .fillJUSTMENTS TO FWOD3 

.PERCEPrION BY Mil.I'Jl..GER OF : 

ADJUSTME.Nl' Theoretical Flood Technology Economic Spatial Practical 
choice Hazard Efficien- linkage Choice 

cy 

Loss Bearing 1 1 1 1 1 1 

Flood pr otec-
tion works 1 1 1 1 1 1 

Emergency 
action 1 1 1 0 0 0 

Structural 
cl:1ange 1 1 0 0 0 0 

I nsurance 1 1 0 0 0 0 

Public relie:f 0 0 0 0 0 0 

Change in 
l an:l use 0 0 0 0 0 0 

~ 

---~·--- ~· --. 
0 rfot perceived ! 

1 

1 Percei ved ' I 

Source: White 1961 a FIG. 3 .1 
Decision- IJaking theory today vie\'ls the physical environment 

and behavioural envir onment as being interrelated, and the adjustment 

decision as being a consideration of' the inter action of both 

environments . There is the r ecognition that, i n the final analysis , 

'it i s the attitude of the individual and of soci ety to the natural 

environment which motiva tes an:l controls human environmental 

intervention' (Chorley and Kennedy 1971) • 

.hs sho~m i n Table III, f lood hazard research in New 

Zealnnd focu::aad on such f actors as the collection of hydrologic 

data and soil conservation and river control activity - especially 
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channel improvement arrl levee construction. Some research investig-

ating the range of alternative adjustments (Erickson 1970 j Puller 

1963, 1967), has b e:;en attempted but there i s no lmmm work tha t has 

exrunined the effects of a flood protection scheme on floodpl ain 

activity or examined the decision making process l eading t o the 

choice of adjustment. 

TliliLE III 

FLOOD Dii .. HI;.GE RE:DUCTION MEi.SURES DISCUSSED TIT P.b.FERS 

~LISHED IN N.Z. PERIODICALS 195l - 6z 

J: .. djustment To Fl oods No. of .hrticles 

1 • Flood Control 47 

i) stopbanking and cha.rmel improvement (41) 

ii) detention dams ( 3) 

iii) other land treatment works ( 3) 

2. Flood Forecasting 3 

3. Emergency Action 5 

i) temporary evacuation ( o) 

ii) flood fighting ( 2) 

iii) emergency relief ( 3) 

4. Structural Changes to Buildings 0 

5. Land ~levation 0 

6. Landuse Change 1 

7. Land.use Regulation 2 

8. Insurance 0 

Source; Erickson (1971, p109) 

The decision-making process involved in the choice of 

adjustment involves a number of basic steps which were identified 
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in Chapter One. The actual process of ma.king a decision in flood 

protection may b e described as in fig 3.2 which illustrates the basic 

elements of the plarming process from problem specification through 

problem appraisal to the evaluation of alternative str ategi es and 

their analysis, and the decision and implementation phases . i..n. 

essential facet of the processes are the feedback inter act ions , 

which, either as a result of the appraisal or through monitoring 

the effects of the implementation of the decision(s ) may result 

in a restatement of the na ture of the problem. 

Fig . 3. 2 

~PHCX:::ESS OF MM:Jl'~G .hN iillJUS'l'MENr JJEXJISION 

Problem 
Specification 

Monitoring effects 
of dee i s ion(s) 

~ppraisal in t erms of decis ion s and 
groups objectives and l . i -~) implementation 
~:source constraints l \I 1-.,. __ -~ 

\V 

Search for and evaluation 
of alternative strategies 

l 
/, \ . \ 
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This modelling procedure can be translated into the terms 

of reference adopted by Kates, as outlined earlier. Kates identified 

the three major steps in the actual process of making a decision as 

l:eing 

1. the perception of the hazard 

2. the search of alternative adjustments 

3. the evaluation of alternative adjustments 

..t~n elaboration of the role of each of these elements is 

essential to an appreciation of the complexity of the deci s ion 

ma.king process, and so will be attempted below. 

B. THE ROLE OF PERCEPTION 

Social scientists have observed that the same person or 

group in a number of different naturally-occurring sett ings, 

invariably react to the irrunediate socio-physical environment in 

different ways. kvailable evidence suggests that both overt 

behaviour and pyschological state is affected by the socio-physical 

environment. Geographers have for some time realised that the 

different elements of the environment have different meaning for 

different populations. These differences in meaning result from 

perceived utility differences, in which the same environmental 

element is seen as having different functions , or else they result 

from perceived quality differences, in which the environmen:tal 

element is seen as having the sa.ioo function but as being of 

different value for this function. 
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It is possible to make a tripartite division of the process 

of perception. The elements are not rigid in content and individual 

factors may be incorporated into one or all of the e lements • 

.ll.ss1:;ntially the process flows from l eft to right, but there may be 

feedback between el<-mcnts so the process i s by no mt-ans uni- directional. 

Heceipt of Signal _....... .n.pprai sal -;;;:=-_--::: Behaviour 

In discussing perception of the environment, i nterest i s not 

in the neurological and physical aspects but rz..ther t he: impre0~ ion 

on individual receives when viewing the stimulus of interest . 

nppraisal of the signal received i s the second stc'P in perception. 

Many complex factors outlined below influence this process . The 

r esul tant behaviouri which may include inaction~ i s the physical 

expression of thE; persons perception of the he.zard. '£his involves 

a high degree of abstraction and generalisation of a complex reality, 

(Saarinen 1966, p83) . Geographic r esearch on perception of natural 

hazards has been sumnarised by Craik, (1 970) . Perhaps the mos t 

significant finding is that considerable variation in the perceived 

existence and severity of a natura.l hazard is known to exist, both 

aJrn.11-ig users of the same resource and among the technical experts, but 

more significn.nt i s the difference in perception's held by resource 

user s and technical experts . 

1 • The Technical Experts Hazard Perce..E,tion 

The technical expert attempts to predict the 

spatial and temporal occurrence and magnitude of a natural hazard. 

In the case of f l ooding, the spatial occurrence is set. 
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Estimates of the temporal spacing and magnitude are made within a 

probali stic f ramework expressed in Return Period and associ ated 

stre~low in cusecs (one cubic foot of water passing a given point 

in one second). The need for a technical perception of the ' pr oblem' 

arises f r om the uncertainty of the event and t he demands of a 

technical society for scientific judgements and deci sions . 

Burton et al (1968, p.1 6), noted that the esti mates of 

f r equency and magnitude are often not as good a s the non- professional 

assumes them to be. It is suggested that this unreliability is 

due t o the infrequency of the event s themselves and the short peri od 

of actual records f rom which judgements are extrapolated. This 

situation is demonstrated by Burton and Kates, (1964) when they 

noted that by using the three major methods of calculating the 

Return Period for t he maximum flood on the Lehi gh Valley, one 

arrived at a Return Period of 27, 45 or 75 years. 

2. The Floodplain M~~rs Hazard Perception 

Research by Burton (1961) , Kates (1962), Rodger (1961) , 

White (1961 and 1964), Burton, Kates and White (1968), Burt on and 

Kates (1964 a and b), has attempted to disccver what factors 

influence an individual ' s percept ion of the flood hazard . Results 

have not proven very conclusive although it haG been discovered that 

perception is not a function of age , education or socio- economic 

status . A correlation between t he recency of the last flood, 

frequency of flood events, damages or losses su:f'fered and 

perception of the hazard does appear t o exist. Kates' study of 

La Follette and five other communities indicated perception was 
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a function of direct flood experience and outlook towards nature 

and that the mere supply of technical and scientific information as 

to the extent and magnitude of previous floods d i d not necessarily 

give rise to a more precise recognition of the flood hazard. 

Burton and Kates (1 964 ,b) showed that perception among 

users of the same resource varied consider ably. 'i"'hey suggested 

three reasons to account for this; 

(a) Relationship of hazard to dominant resource use . 

For exampl e , in an agricultura l area this vvould 

include such factors as the r atio between the 

total farm s ize and area on the f l oodpl ain. 

(b) The f requency of occurence of the f looding i nfluences 

perception. Where this i s ve"I"J frequent or v ery 

rare, little variation in the ~doption of 

adjustments amongst r esource us ers i s expected, 

but in the areas of intermedi ate frequency, 

considerable varia tion in the adoption of damage 

reducing adjustments can be expected. 

(c) Variation in the degree of personal flood 

experience. 

It has been discovered that considerable variation in the 

perception of a hazard is to be found between different resource 

users. Burton and Kates, (1964,b), showed a wide variation in 

hazard perception between the managers of river floodplains and 

coastal zone hazard areas existed and Burton (1962) indicated that 



56. 

agricultural floodplain managers were more aware of the hazard than 

urban dwellers as discussed by White (1958), and that rural floodplain 

managers made a more accurate estimate of the danger of the hazard, 

especially where flooding was frequent, than did urban d<7ellers . 

3. Variation in Perception between .i.h£.J.'2.sJmi~ Expert 

,?-nd. _il:LEL Fl_2,£dplain J..11anager 

A wide variation in the perceived existence or 

severity of a hazard by the technical expert compared t o the floodplain 

manager has been noted. It is possible that this variation could be 

due to a number of factors such as; the difference in outlook 

towards nature, - (the technical expert has what co:ild be termed a 

' neutral ' outlook towards nature, whereas the floodplain manager is very 

involved with nature) - a basic difference in the tolerance of 

uncertainty; the effect a flood event will have on the floodplain 

managers and technical experts vary; the technical expert vievm 

the likelihood of the occurrancein the long tenn whereas the farmer 

views it by the length of time he intends to spend on the fa.rm. 

It is possible that the estimate made by the resource user 

may be no more divergent from reality than that made by the technical 

expert. Nevertheless, the variation does have serious implications 

as to the efficiency of an adjustment decision, especially where 

the technical agency is responsible for the calculation of the 

severity of the hazard and the construction of the protection 

scheme. 
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C. THE THEORETICAL RA.IDE OF AWUSTMENTS 

The traditional choice of adjustment to the flood hazard 

in the U.S.A. has been to either bear the loss from occasional over­

flow or to press for the construction of engineering works financed 

by public age'ncies ~ (White 1964.a, p1 ) • This trend has a lso been · 

observed in New Zealand by Erickson ( 1 970). 'l'here are however rnaey 

other theoretically possible adjustments. The most corinnon 

alternatives - all of which have been used at some time, were outlined 

by \'vhite (1942) as follows : 

land elevation 

flood abatement 

s·i;ructural adjustment 

public relief 

insurance 

flood protection 

emergency measures 

land use change - crops 

- urban, rural 

public 

from White 1966, p 257. 

This typology was misleading for two major reasons. 

1. It included social adjustments as though they were 

adjustments in themselves. For example , land use 

regulation was listed as an alternative public measure 

whereas today it i s recognised as a possible guide to 

arw adjustment or use. 

2. Land use change was shown as an alternative 

adjustment. While this is true for any one l and 

use at one point in time, the original classification 

suggested that such a change excluded other 

adjustments. 
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Consequently, the typology was revised in 1965 showing 

seven different adjustments for all possible land uses arrl 

consideration of the effect of various social actions which may 

affect choice were omitted. 

La.nd Use A - bear the loss 

- protection 

- emergency measures 

- s tructural including land el6vation 

- flood abatement 

- insurance 

- public relief 

Land Use B - bear the loss 

- protection etc , 

White 1966, p 257 . 

Different adjustments act upon the effects of the flood 

hazard in significantly different ways . For exainple it is possible to; 

1. affec t the cause of the flood through watershed 

treatment 1 

2. modify the hazard by controlling the flow with 

reservoirs, levees or channels, 

3. modify the loss potential with warning systems, 

emer gency evacuation and preparation, floodproofing 

of buildings, 

4. adjust the losses by spreading them amongst the 

population in the form of public relief and 

subsidised insurance, 
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5. plan for losses '17ith insurance and r eserve f'unds, or 

6. the indi vidua.l may bear t he l oss . 

These measures cover a wide r ange of t echniques ; they 

prevent wat er f r om damaging pr operty or remove property from the 

reach of water; they cover measures th~t Rr e wholly organisational 

and those that ar e completely structura l ; t hey include direct 

ad justments which involve a conscious assessment of flood effects 

and indirect ad justments, such as occur when r enovating a building; 

they include both public and private measures and t hose met hods 

t hat seek t o alter the Human Use System o.nd t hose tha t seek to 

alt er the Natural Events System . Further distinctions can be made, 

for example , bet ween those measures that seek to al ter the Natural 

Events System t here are those measures that affect 

1 . peak magnitude and duration of fl oods , for example, 

r eservoirs. 

2. stage-discharge relationships , for exampl e , channel 

improvements l evees , floodings 

3. indi vidual structure stage damage relationships , for 

example, floodpr oofing, evacuation and floodplain 

zoning. 

One of the most common distinctions tha t is made is tha t 

between corrective measures and preventative measures , as made by 

the Tennessee Valley Authority and shown in Fig 3. 3. 

Another common distinction is that between individual 

and public adjust ments as shown in Fig 3.4. 
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It i s only relatively r ecently, that engineers have begun 

to realise t hat structura l flood control measures are not the only 

answer t o the f l ood problem. ~ number of r esearchers have pointed 

to the us~ of nonstructural measures for flood contr ol , and the 

advantages and disadvantages of such measures, (iieber and Sutton 

1955, Whipple 1969 , White 1967 , Krut illa 1966 , Lind 1967, James 1970) . 

A unified f l ood control program can be conceptualised in terms of 

f our bas i c components . 

1. Struct ura l measures . 

2. Land use management in deciding \7hat types of develop­

ment should be r estricted or permitted on the f l oodplain. 

3. Deciding hm, to arrange , use and. maintain those 

act ivi ties that locat e on the f l oodplain so as to 

minimise flood losses . 

4 . Savings that can be made by the provisi on of emergency 

services . 

Each of thes0 components can be used in varying combinations , 

depending upon l ocal circumstances . The i deal combination varies by 

l ocality and by individual locations over t~oe . For this reason, it 

is necessary to remember that planning is never complete and a plan 

should be continually r eviewed to make sure it r emains optimal in 

the light of unfolding developments . It should be flexibl e enough 

to allow alterations when unanticipa ted developments occur. 



63. 

D. THE EVALUATION OF ALTERNli.TIVE ADJUSTMENTS 

In that a number of alternative ad justments are usually 

possible for any one hazard situation, it is desirable that some 

design criteria be employed, that selects the one or combination 

that performs most f avourably in terms of stated objectives . 

Considerable attention in the litera ture has been devoted 

to criticism as to what should guide public decisions in the design 

and approval of flood protection projects . This criticism has 

focussed. on 11 the need for a test which could be applied to planning, 

to guide decisions as to which design would be best for a given 

situation, and to make the best use of limited functs 11
• (James 1970, 

p308) . For this reason, decisions based solely on Q political 

decision process, end the suggestion that flood progr ams should be 

implemented no matter what the cost, cannot be accepted a.s there is 

no guarant ee such decisions would yield the most desirable ad justment. 

There i s a need to employ some evaluation criteria, any 

evaluation process there must therefore include some realistic means 

of objectively measuring the costs and benefits of a project , 

rejecting the poorer alternatives and accepting or modifying the 

better ones. 

The earliest and most crude method of evalua ting the 

worth of a project was to simply compute the estirru..ted benefits 

and estimated costs. If the estimated benefits exceeded the 

estimated costs, then the project would proceed. 
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The first guidelines to objectively evaluating the costs 

and benefits of a project was contained in the United Sta t es Flood 

Control Act of 1936. This hct stated that a project could proceed 

if 11 the benefits to whomsoever t hey may accrue are in excess of the 

estimated costs and if lives and social security of the peopl e are not 

otheni'ise advers el y affected" (U. S . Code 1940 quoted James 1965, p9) . 

The iJ.ct, however~ gave no effective guideline as to the nature or 

direction b enefits should take . \ihat Weis determined was that 

Congress had declared the primary objective of flood control to be 

economic efficiency. Social Security was also considered. This 

had important implications as this objective requires a higher level 

of protection than warranted by economic efficiency alone . Since 

economic efficiency specifies a l evel of protection, social security 

can be viewed as the objective used to jus tify the preselected 

minimum level of protection largely used in practice. 

The us e of economic criteria alone in the evaluation 

process must be rejected on three grounds; 

1 • There i s no substantial agreement about which theory 

is to be used. There are a number of theories, and 

there are considerable disagreements about assumptions, 

subtheories, procedures, etc. used. 

2. To be fully operational for ma.king decisions about 

resources and the environment, aey economic theory 

would require that all aspects of the problem be 

quantifiable, which they are not. 
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3. .A.11 economic theories make general assumptions.about 

the economic behaviour of individuals, firms, D.nd 

governments . These assumptions are seldom realistic . 

There is no consideration of intangibles such as 

dem<:l.nds for security , beauty, good health, freedom 

from stress, etc . 

There has been a fairly rigorous investigation of what 

factors should be included in the evaluation process since the 

1936 Act. Procedures for field p6rsonnel have been specified by the 

U. S. Soil Conservation Service, i.:r:ray and National Government, and 

these have been subject to critical review by various scholars, 

noteably Eckstein (1958) , Hirshleifer et al. (1960), 1"icKean (1958), 

Maas s et al . ( 1962) , Hufschmidt et al. ( 1961) and Sewell et al , ( 1962). 

This research and associated ·works, particularly that of the 

University of Chicago team, has l ed to the identification of a number 

of important factors that shoul~ operate in the evaluation process. 

Kates (1970, p18) surnmarised these findings and noted that ideally 

an evaluation of alternative adjustments should be made with 

reference to four basic questions, or criteria. 

1 . Is it suitable for the environmental setting? 

2 . Is it technically efficacious and feasible, given the 

avail able tools, skills , materials and the indivisib­

ility of activity? 

3. Is it economically gainful in the context of the 

managerial unit ' s time horizon, reserve - loss ratio , 

and constr aints on choice? 
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4. Does it conform to social guides of law, tradition or 

expected norms of behaviour? 

Each of these criteria are of differing importance, 

depending upon the particular environmental, social Dnd economic 

setting in which the adjustment i s to b e made, as vrell a s the nature 

of the decision-making agency, and in particular res ources at i t s 

disposal. For example, engineers in the Western World use the 

criterion of technical efficiency (will it work?), as t heir prime 

criterion and consider ations such as cost and social conformity act 

as constraints on the adjustment adoption. Similarly, in other 

areas, s ocial conformity , (do as 11'\Y father did) ~ i s the basic 

constraint. In a specific area, the order of criteria is most likely 

a function of the human us e characteristics of that area. Based on 

the evaluation process, a decision to adopt or r e ject a particular 

adjustment is made. If rejected, there i s then a feedback process, 

in which a r e-evlauation of the problem is undert aken, new 

alternatives are sought, or standards of acceptance of a s olution 

are modified. 
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CHAP!'ER 4 

THE DECISION-MAKING PROCESS IN THE LOWER MANAWATU REGION 

Introduction 

The task of the decision maker and the importance of under­

standing the decision-making process has been described in earlier 

Chapters. It is proposed in this chapter to examine the decision­

making process in the lower Ma.nawatu region. Emphasis will be placed 

on the importance and the e:f'fects of various elements of the decision­

making process, as defined in Kates model shown in Figure 1.2. 

The choice of adjustment to the flood hazard is dynamic 

rather than static, "to think of there be:ing a decision only when a 

major project is under consideration is to ignore the variety of paths 

along which adjustments move", (Whie 1964b, p4). In the past, research 

has often ignored the fact that adjustments are continually being made 

to the flood hazard. The following discussion will therefore be 

divided into two sections: (a) Pre-scheme adjustment decisions; 

and (b) The adjustment decision process involved in the Lower Manawatu 

Flood Control Scheme. Emphasis will be placed on the Manawa tu 

Catchment Board's decision-making process that led to the Lower 

Manawatu Flood Control Scheme. This weighting is justified because 

(a) this scheme theoretically negated the effectiveness of any pre­

scheme adjustment deci~io~, and (b) the very size and complexity of 

the economic, sociai and environmental ramifications and considerations 

of such an adjustment decision, provide an excellent case study to 

illustrate the processes involved in the decision-making process. 
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I. PRE:.1SCHEME DECISIONS 

In the years preceding the Lower Manawatu Flood Control 

Scheme, adjustments were made in response to the flood hazard. The 

exercising of choice in these years was of t wo principaJ. types: 

(a) individual floodplain managers . 

(b) collective action by official bodies, notably the 

River Boards and Drainage Boards, and in later years 

the Catchment Board. 

A. Individual Fl oodplain Managers Adjustment 

In the lower Manawatu r egion, there is evidence of 

conscious adjustments to the flood hazard by individual floodplain 

managers in pre-scheme years, especially in rural areas of' the flood­

plain. There is evidence of buildings being constructed on elevated 

areas and on man-made mounds where such elevated land was not present, 

while in other cases buildings were constructed off the floodplain. 

In the TokDmaru area, houses have been constructed on platforms r ather 

than piles in response to the mobile nature of the ground caused by a 

very high water table. In other areas, buildings have been elevated 

six to ninemeiresby using high piles. Perhaps the most conscious 

adjustment to hazard has been the building of' private stopbanks around 

a number of houses, and in some cases, around a large portion of 

individual properties . Changes in land usage in post-scheme years 

suggests some regulation of economic activity in response to the flood 

hazard in earlier years . It must be recognised that some changes in 

l and use are the result of' changing markets and technology and not 
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necessarily changing hazard intensities. There is, nevertheless, some 

suggestion that land use in the more frequently inundated areas was of 

an extensive nature (sheep, steers and bullocks) as these activities 

could be readily moved in a hazardous situation. 

In urban areas, there is little evidence of structural 

alterations to buildings on· the floodpla in. It appears that the only 

common reaction to the flood hazard was to build off the floodplain. 

In Palmerston North city, for example, the oldest buildings are to be 

found on the higher terraces and off the floodplain, and as one moves 

f'urther onto the floodplain, the buildings and houses are progressively 

newer. A similar situation exists in Feilding, Shannon and Awahuri, 

although to a lesser degree, possibly because the flood hazard in 

these areas was seen as being far less threatening, and the general 

level of development was considerably lower. 

B. Collective Action Adjustment 

There is a long history of river control and drainage 

work in the lower Manawatu region. Initial thoughts on flood 

protection·focused on stopbanks, and it was originally considered 

that stopbanks should be erected by whoever could afford to do so. 

The drawbacks to this were quickly recognised, in that the stopbanking 

of an individual property would place more water on farmlands down-

stream, and if one farmer stopbanked, but the farmer upstream of him 

did not, then the land "protected" by the stopbanks could still be 

flooded. It was therefore realised at an early stage t hat it was 

necessary to group together to protect properties. 
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Collective action on flood pr otoction r eceived an early 

stimulus with the phasing out of the Pr ovincial Government system 

in 1876, and the organisation of l ocal government in it's present 

f orm. This led t o t he 1884 Rivers Board Act and 1893 Land Drainage 

Act . These Acts recognised the need for better planning and 

co- ordination of wor k and assured a means of r ai sing finance . These 

Acts wer e consolidat ed in the 1 908 Rivers Board Act and 1 908 Land 

Drai nage Act , which brought t ogether pre- existi ng l egislation 

pr oviding t he basis of River and Drc.inage Board work up to the 

present day. 

Under the terms of t hese Acts, Boards were established as 

f'ully corpora t e bodies t o carry out flood and er osion provention works, 

and the general maintenance and improvement of river s , streams and 

watercourses . Bo'trds wer e gi\. en t he poner t o l evy a r at e for work 

done. This was not to exceed an ~verage of one and a half pence in 

the pound of the capital value of all r ateable property. \'/here works 
I 

wer e of a major nature and of national an well as l ocal interest , 

gover nment subsidies were available at the r ate of t wo to one . 

The 1 908 Acts led t o tho crcatit.:1 of a number of new l ocal 

drninage boards. Prior to tho Act , t her e was only tho Ma.nawatu 

Rivers Board formed in 1894 t o develop the Kairanga and Taonui Basin 

areas, and the Makerua Drainage Board formed in 1906 t o protect and 

develop the area on the southern bank of the Manawa.tu River between 

Long bum and Shannon . Soon after the passing of the Acts the Mouton 

Board was f ormed (1908) to cover the area from the junction of the 
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Manawatu and Oroua Rivers down to Foxton. The next Board formed was 

the Sluggish River Drainage Board (1912) to cover the area on the 

western side of the Oroua River. The Buckley Drainage Board (1913) 

was responsible for the area between Shannon and Whirokino and the 

Manawatu Drainage Board (1922) was responsible for the area between 

the Oroua and Manawatu Rivers. 

These early Boards did much to develop the land from a wet 

flax and bush covered state. Most of the early work consisted of 

drainage, stopbanking and river channel dredging. The first 

mechanised drainage was the excavation of the Moutoa Main Drain, 

but the most significant work was in the Makerua Drainage Board area, 

where, in 1919, Messrs Jickell and Gilmour, planned and comp+eted the 

development of 54,500 hectares of S\'18.mpland for the Makerua Drainage 

Board. This included over 65 km of stopbanking along the Manawatu 

River, up to the level of the 1902 flood, and along the Tokomaru 

River. Canals and drains were also constructed throughout the whole 

area, and the Tokomaru River was cleared. This work was completed by 

1 925. The initial expenditure of £136,000 was met entirely by rate­

payers of the area as it was not until 1941 that government finance 

was o:f'ficially available for drainage work. 

Each of the drainage boards operated independently and 

within their own boundaries. The lack of co-ordination between the 

d.if'ferent drainage boards negated many of the benefits of their 

work. The stopbanking of the Manawatu River on the Makerua Drainage 

Board side of the river only may be cited as one instance. This 

resulted in much more water flowing onto the land on the opposite 
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side of the river in times of flood. It was not until the formation of 

the Manwatu Catchment Board in 1941+ that an overall flood control 

policy could be introduced. The Catchment Board covered nine times the 

area covered by the Drainage Boards. Their earliest work was in 

co-ordinating the work of the Draimge Boards and in the construction 

of stopbanks to protect Palmerston North city. 

C. Emergency Action Adjustments 

A third area of adjustment that needs to be discussed in 

flood hazard adjustment in pre-scheme yoars is that of emergency action 

to reduce losses to property and life in time of actual flooding. Much 

of the data presented below is drawn from newspaper reports of the 

28th and 31st January 1953, which was the time of the largest flood 

in the region since detailed records have been kept. 

Emergency action involved the co-operation of official bodies 

and individual floodplain managers. The Catchment Board had an 

official emergency warning system, based on river level recorders and 

a telephone network, to warn farmers of the impending danger of 

flooding. This warning system served only to alert those farmers whose 

land was normally inundated in time of flood and in the 1953 flood, 

the biggest since the formation of the Catchment Board, farmers 

outside of these areas were not aware of the impending danger to 

their land and consequently were caught by surprise. The reliability 

of the warning system is also brought into question by the Catchment 

Board's prediction, on January 28th when the river level at the 

Fitzherbert Bridge was at 15 feet, that the flood would peak at 16 

feet 6 inches - a level reached four times in the preceding 22 year~ 
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- and the banks would be overtopped only in the Taonui and Moutua areas 

which were natural ponding areas. The flood actually peaked at 21 feet 

3 inches and a much greater area than that predicted by the Catchment 

Board, including parts of Palmerston North city, was flooded. 

There was little in the way of planned emergency action in 

time of flooding and the organisation of such activity appears to have 

been led and co-ordinated by the Police and Army, supplemented by 

civilian volunteers. Police and Army volunteers rescued or evacuated 

over 500 people in Palmerston North city including all but two in the 

Hokowhitu transit camp. In Palmerston North twenty trucks were 

despatched by civic groups to help in the evacuation of people and 

personal goods. Many local carriers also vollUlteered their services 

and an entire fleet of trucks from Linton was 11Rde available. 

Billets were provided for evacuees, the Red Cross provided food for 

victims and the Boy Scouts helped lift carpets and move furniture 

(according to some flood victims, they caused more damage than good), 

and assistance was offered by the Feilding Borough Council. 

In rural areas Catchment Board staff, Army personnel and 

a party of 30 from Massey University as well a s other civilian 

volunteers sandbagged stopbanks on the Manawatu and Tokomaru Rivers 

that were threatened to be overtopped, especially those in the 

Makarua area where the risk was greatest. Three bulldozers were also 

used in this operation. Powerboats and rowboats owned by private 

individuals, the Catchment Board, anl the Army were requisitioned by 

the Police and used in evacuating people. Cooksley transport and 

Reid transport companies provided their entire fleets of lorries to 

/ 
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farmers t o help shif't stock. 

In the majority of cases, people waited until the flood 

waters were several feet deep in their houses before evacuating them. 

In a simila r manner, few farmers shifted s t ock suf'ficiently early t o 

prevent l osses. Stock t ook refuge on stopbanks and areas of high 

grolUld. Arter the floodwaters had r eceded, stock was shifted t o 

higher ground and grazed on the roadsides. Only one farmer had a 

ready pl an in case of flood and his st ock was trucked out before his 

land was flooded. 

Other emergency measures wer e post event, with the Manawatu 

Oroua Electric Power Board removing and servicing all farm and f actory 

equipment inundated in the f lood. Mechanical trenching machines were 

used to ensure r api d burial of the dead carcases. 

II · THE ?f;.ANAWATU CATCHMENI' BOARD DECISION MAKING PROCESS 

The Lower Manawatu Flood Control Scheme represented the end 

product of the Manawatu Catchment Board's decision-making process. 

In this way it can be viewed as the Catchment Board's r esponse to the 

flood hazard and the perceived disruption to economic and social 

activities of the area that would r esult. The actual protection 

scheme decided upon reflected the nature and operati onal procedure 

of the Manawatu Oatchment Board, the institutional and legal frame­

work within which the Catchment Board operated, a.Irl the land use 

characteristics of the lower Manawatu region. 

Planning for v1ater r esource. use theoretically requires 

the assembly and analysis of all information relative to the social, 
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economic, legal and physical aspects of the area under study, and the 

examination of long and short-term ways to meet these needs. It 

involves the comparative evaluation of alternative solutions and 

their social, economic, environmental and t echnical merits. Wise 

exploitation of natural resources then, calls for careful and 

articulate planning, which involves making r ational choices among 

feasible courses of investment and other development possibilities 

on the basis of social, economic and environmental cons:iderations. 

It is thought that past and present flood protection policy 

in New Zealand may be producing adjustment schemes that are less than 

satisfactory in their economic, social and environmental effects. 

Discussions with Evans (the chief engineer in charge of the Lower 

Hanawatu Flood Control Scheme), revealed that few of the theoretically 

possible adjustments were considered. An examination of the Economic 

Report on the Scheme presented by the Catchment Board revealed the 

use of analytical techniques and methods that are not very rigorous 

in their application. 

It is therefore possible that an examination of the various 

elements or factors involved in the adjustment decisions of the 

Catchment Board may give insight into the merits andreficiencies 

involved in flood hazard adjustments being made in New Zealand and 

in the Manawatti in particular . 

The major factors influencing the nature of the adjustment 

decision were the Catchment Board's: 

1. role responsibility as defined by the 1941 Soil Conservation and 

Rivers Control Act. 
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2. perception of the flood hazard, 

3. awareness and consideration of alternative adjustments, 

4. resources at their disposal to enable a particular adjustment to 

be implemented, and 

5. evaluation of the benefits of a particular flood control project. 

A. Role Responsibility of the Manawatu Ca tchment Board 

It has long been recognised in New Zealand that 

government has a major role to play in flood protection - (witness 

1884 Rivers Board Act and 1908 Land Drainage Act). The regulatory 

and financial provisions of governmental legislation determine the 

boundaries within which decisions may be made. 

The Manawatu Catchment Board derives its powers and 

fu.nctions regarding river and flood control and soil conservation 

from the 1941 Soil Conservation and Rivers Control Act. Subsequent 

Acts, particularly the 1967 Act, greatly extended the powers of the 

Catchment Board. The flood control scheme under study however, was 

instigated, designed and constructed under the legislative provisions 

of the 1941 Act. A closer examination of this Act will help to 

identify the role, powers and f'unctions of the Catchment Board as 

part of the total official approach to flood control in New Zealand. 

Soil Conservation and Rivers Control Act, 1941 

Government Inquiries and Reports were commissioned in 1919, 

1937 and 1938 to investigate the inability of Rivers Boards and 

Drainage Boards to cope successf'ully with river deterioration, 

flooding, problems of erosion and provisions of adequate drainage 
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facilities. These enquiries noted increasing occupance of the flood­

plain and increasing deterioration of the above mentioned problems. 

Their findings and reports culminated in the 1941 Act. 

This Act was one of the most advanced of its kind in the 

world at the time as it recognised the general condition of the 

catchment, affected the lower reaches of the river, and stressed the 

interrelationship of soil conservation, river control and drainage 

problems. It brought these problems under unified control at the 

national and local level. 

Objectives of the Act 

The Act had four ma jor objectives: 

1 • The promotion of soil conservation. 

2. The prevention and mitigation of soil erosion. 

3. The prevention of damage by floods. 

4. The utilisation of land in a way that is in accordance with the 

above objectives. 

Legislative Provisions 

The Act, which is outlined in diagramatic form in Figure 

4.1, provided for the establishing of a Soil Conservation ~nd Rivers 

Control Council (The Council), and Catchment Boards. The Council was 

to consist of representatives of the Ministry of Works, Department of 

Lands, Department of Agriculture, Department of Forestry, the Treasury, 

two representatives from areas that lay outside Catchment Board 

boundaries and seven representatives from municipalities-County 



The Diatribution of AuthotJty for Soil Conservation and River Control Works 

National Yater and Soil Conservation Authority 

* formulat .. a broad national policy for water 
ma.nagemen~ and soil conservation 

* authorises each council to deal with those 
particul&r matters that concern it 

~==---~~=::::::::::..::::____ ---=-=====--=== 
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son CONSERVATION AND RIVERS CONTROL COUJSIL WATER RESOURCES COUNCIL 

11 formulates policy in its field 

K authorises speoific projeota 

M provides large part of oosts of local projects 

* formulates policy in its field 

* guides local ad.ministration and authorises 
major projects 

~ 
allocates government shares of costs 

Catchment Board 

* implement• the policies of the National Water and 
Soil Con.totrvation Authority and both councils at 
loval lenl 

~local atJwfnistration, services community · · 
and individual needs with appropriat e works and 
maintenanoe 

-.J 
CX> .... 



Councils (2), Catchment Boards (2), River and Drainage Boards and 

agricultural and pastoral interests. 

79. 

The Council was given wide-ranging functions covering the 

formulation of policy, au thorisation of specific projects, it was a lso 

given financial assistance and backing for local projects, research, 

dat a collection, investigations and demonstrations which covered 

the prevention of erosion, river control and drainage. The powers 

of Council included the carrying out of surveys, the taking of land 

in critical areas or regula ting land use, the carrying out of 

demonstra tions and research work, the construction of soil conserva tion 

measures, river and drainage works and their maintenance . 

The constitution of the Catchment Boards was established 

in the Act. They were to be the executive authority for soil 

conservation and river control within their districts. A Catchment 

Board was to be set up to cover one or more complete adjacent 

catchments with a community of interest, where river control, 

drainage and soil conservation were of suf'ficient magnitude to 

justidy the setting up of such a Catchment Board. 

Catchment Boards are fully corpora te bodies with elected 

and non-elected merribers. Elected members have to exceed the non­

elected members, and can represent one or more constituent local 

authorities within the district. Representatives are apportioned 

according to the number and relative importance of the constituent 

authorities within the district. Non-elected members are appointed 

by the Governor General and include nominees from the Ministry of 
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Works and Departments of Lands and Survey, Forestry and Scientific 

and Industrial Research. 

Boards are empowered t o have their own administrative and 

technical sta.:f'f for construction and maintenance work needed t o bring 

catchments, rivers and drainage areas under a reasonable degree of 

control. The Catchment Boards may also contract with the internal 

constituent authorities , or with the Council, plan and carry out 

works on their behalf. 

Catchment Boards must consult with internal local 

authorities such as River Boards, Drainage Boards and County Councils 

about work proposed for the district , and if objections cannot be 

resolved they are then r eferred t o the Council f or their decision. 

Wit h the est ablishment of the Catchment Boards , River 

Boards with similar but mor e r estricted functions and powers, became 

l argel y redundant in Catchment Districts. In gener al , local opinion 

has f avoured the retention of internal Drainage Boards , particularly 

in regard t o drainage work, with any river control functions being 

taken over by Catchment Boards, which exercise gener al supervision 

of River and Drainage Board work concerned with watercourses, 

drainage and flood prevent i on, with the ir engineer often being 

a c onsulta nt to the Drainage Board. 

The main functions of Catchment Boards are t o minimise 

an:l prevent damage from floods and erosion and to promote soil 

conservation. This includes the regulatjan and control of water 

towards , into, in and from watercourses; the prevention, a s far 
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possible, of the likelihood of wat ercourses breaking their banks 

and the damage caused when such events do occur; prevention or 

reduction of the likelihood of er osion and the promotion of soil 

conservation activities in the area. 

The Catchment Boards are empower ed t o make by-laws t o 

cover the construction, alter ation or maintenance of watercourses, 

dra inage, channels and t he construction of defences against water, 

land utilisation changes and prevention of erosion , but require the 

sanction of t he Governor General before carTying out any work on 

tidal waters . Their powers and f'unctions include those in the 

1928 Public Works Act. Before c ommencing any project, however, 

details of t he proj ect have to be forwarded t o the Council for their 

appr oval. 

Financial Provisions of the Legislation 

The e conornics of flood prot ection are detennined t o a 

large extent by the avail ability of funds. Under t he t erms of the 

1941 Act a state subsidy for flood protection works was provided, 

in addition t o a fixed annual grant t o the Catchment Board. 

Moneys are appropriated annually by Parliament under the 

vote Public Works and Services , Subdivision number IV - Soil 

Conservation, River Control and Drainage - to meet estimated 

government expenditure by way of loans, grants and subsidies, for 

the purposes of caITying out the objectives of the Act. This money 

covers subsidies, grants and loans for capital works and 

maintenance, repairing of flood damage, surveys, investigations 
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and research, publicity and administration. 

Under the terms of the Act, Catchment Boards are empowered 

to strike rates for various purposes. These include a general 

administrative rate, to cover administrative costs, costs of surveys, 

investigations and supervision of works which may be levied over the 

entire catchment for the purpose of carrying out the Act, and a 

special rate which can be struck for specific protection schemes. 

B. The Manawatu Catchment Boar~s Hazard Perception 

The first step in any adjustment decision is the 

perception or identification of the severity of the hazard. The 

Catchment Board's hazard perception was based on the estimated 

likelihood of river flows of certain magnitudes being exceeded and 

the corresponding area it was considered such flows would inundate. 

This was expressed in terms of cusec flows, return periods and flood 

frequency areas. A cusec is one cubic foot of water passing a given 

point in one second. A return period is the theoretical probability 

of a certain cusec flow being exceeded, For example it was 

calculated a flow of 150,000 cusecs in the Manawatu River had a 

return period of 100 years, that is, there was a 0 . 01 likelihood of 

this flow being exceeded in any one year. A flood frequency area is 

' that area the Catchment Board considered would be inundated by flows 

of di:f'ferent magnitudes and were given the same value as the return 

period expression for that sized flow. Using the above example, the 

area that would be inundated by a 150,000 cusec flow would be the 

100 year flood frequency area. 
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Flood frequency areas of 0 - 11 months, 1 - 4 years, 5 - 19 

years, 20 - 100 years were identified as shown in figure 4.3 in which 

it was assumed flood damages would be constant. By multiplying these 

estimated potential flood damage s with the possibility of the 

occurrence of flooding for that area, the estimated flood damage 

potential for the entire region was identified. 

The Manawa tu River was considered to be the most important 

source of flooding. The Catchment Board's first objective was to 

identify the distribution of flows and the flood frequency areas of 

these various flows. The distribution of flows was determined from 

an analysis of the record of river flows which have been taken every 

day at the Fitzherbert Bridge, Palmerston North since the installation 

of a river level guage in 1929. The river level is recorded in feet 

and then converted to a cusec flow. It was considered that "flows 

at this point are practically the same as those for the whole scheme, 

as the only main tributory below this point, the Oroua River, 

generally has little effect on the main flow values" (Appendix A 

of the Economic Report, p.1) . 

The records of flow in the Manawatu River, which are shown 

in Table V and Figure 4.2 were then analysed in two ways: 

(a) The maximum flow which occurred each year was 

obtained and plotted on a graph by Gumbel's 

formula. From this graph, the average frequency 

of recurrence of different-sized floods was 

obtained. 

(b) The number of floods at each six inches of gauge 
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TABLE lV - MANAWATU RIVER FLOWS OVER 13 FEET (50 ,000 CUSECS) l}T 

FITZHERBERT ·BR.IIX;E 1929-1972 

Height at Fitzherbert Bridge 

Year 
13' to 14'to 15 'to 16'to 17'to 18 1t o 19'to + 20 ' 
13'11" 14111 11 15 1 11 11 16'11 11 17111 11 18'11" 1911111 

1929 13 ' 8" 
1930 
1931 
1932 14' 5" 
1933 
1934 
1935 14'8" 
1936 1 5 t 2" 17' 3" 
1937 
1938 13 1 611 

1939 14' 8" 
1940 
1941 19 '0" 
1942 15 t 8" 
1943 13 1 6 11 14' O" 

13' 311 
1944 ' 
1945 13 ' 0" 16 1611 

1946 13'11 " 
1947 14' 511 17' 311 
1948 15'4" 
1949 161611 
1950 15'6" 
1951 
1952 
1953 21I3" 
1954 
1955 141611 
1956 16 1 611 18 11 O" 
1957 13' 2" 
1958 
1959 14'011 
1960 
1961 141611 15 10" 

15' 9" 
1962 
1963 
1964 17' 3" 
1965 14'0" 
1966 
1967 13' 9" 14'3" 
1968 
1969 
1970 
1971 16 I 3tt 
1972 

I 

Source : Manawatu Catchment Board. Records 
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height, nine feet or over, was counted and tabulated 

chronologically, and using Schumann's formula then 

analysed statistically and the average frequency of 

recurrence again obtained. 

These two results were plotted on one graph, and it was 

considered that the Schumann method was probably the more .accurate 

for the lower readings, while Gumbel's analysis was probably more 

accurate for the higher readings. 

Using Gumbel's formula return periods for the Manawatu 

River were calculated as shown in Table Y. 

TABLE V - THEORETICAL MANAV''ATU RIVER FLOWS 

r 
Return Period Cusec Flow Height at Fitz-

(Years) herbert Bridge 
(feet) 

1 50,000 13' O" 

5 85,000 16' 6" 
10 100,000 18' O" 

25 120,000 19' O" 

50 135,000 20' O" 

100 150,000 21 ' O" 

250 170,000 22' O" 

Source: Manawatu Catchment Board Records 

As can be seen from Table VI the distribution of flows over 

13 feet in the Manawatu River appears to be random, there being no 

cyclic spacing to their occurrence, although Evans was quoted as 

commenting of the 1953 flood., "there was a possibility of a major 

flood at any time, and that on the flood cycle, Manawatu was due for 
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one", (The Times, January 31st , 1953). 

TABLE VI - PONTHLY DISTRIRJTION OF FLOTIS OVER 13 .FEET AT FITZHERBERT 

BRIJXJ.E 1929-1972 

Month 13'-14' 15 t -16 I 17' -1 8 1 19' -20 1 Total 
14'-15' 16 I -17 1 18 1 -19 I + 20 1 

Jan 1 1 2 

Feb 1 1 2 

March -

April 1 1 

May 1 2 1 1 1 6 

June 2 1 1 4 

July 2 2 1 5 

Aug 2 4 1 7 

Sept 1 1 2 4 

Oct 2 1 3 

Nov -
Dec -

Tot a l 8 10 6 4 3 1 1 1 34 

Source: Manawa tu Catchment Board Records 

An attempt to es timate the maxi.mum probable flood was made 

by analysing the major floods that hadr, occUITed since detailed r ecords 

had been kept, that is since 1929. This was done usingtll'he Preoisa 

Rationale"(Time of Concentration of Storm) method. From this, the 

Cathment Board concluded that "rough figures f or a probable maximum 

flood appeared to be: 

Time of concentration of storm =- 24 hours 
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Maximum probable 24 hour rainfall = 5 inches 

Runoff' f'actor :r:: 80 per cent 

Maximum probable flood = 165,000 cusecs 

(Appendix A to Economic Report p.1) 

The ca lculating of the maximum probable flood served a s a 

general check against the accuracy of the ca lculations described earlier, 

and other than this wa~ :. not considered in the des ign of the flood 

control scheme. 

Flows in other rivers were a lso considered and return periods 

for these were calculated as shown in Table VII, a lthough the method of' 

calculation 'was not given by the Catchment Board. 

TABLE VII - RETURN PERIODS FOR TRIBUTARY RIYmS 

~ 

Return Period Cusec Flows 

(years) 
H¥ger ua bower roua Kiwi tea Makino 

1 7,000 10,000 2,500 1 ,000 

10 13,000 20,000 5,000 2,000 

25 17,000 25,000 6,500 2,500 

50 20,000 30,000 7,500 3,000 

100 23,000 35,000 8,000 3,500 

Source: Evans (1964, p.413) 

Other factors that affected the Catchment Board's hazard 

perception were the area near the source of the Tokomaru River which 

was prone to flooding and the area to the north of Palmerston North 

which was flooded almost annually from the ~angaone and Kawau Streams 

and Whiskey Creek. 
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Comments on Catchment Board Perception 

The statistical analysis of flood events is necessitated 

by the absence of any physical l aw to account for the irregularities 

of flood distribution. In order to determine the most effective flood 

design one needs to consider the flood distribution r ather than rely 

solely on a consideration of the maximum probable flood. 

The best guide to the shape of the distribution of floods 

and predicting the composition of future floods, a re records of the 

past. At the time of construction of the scheme there were only 30 

years of continuous flow records. It is likely that extrapola tion 

based on such a small sample is open to a considerable degree of 

error. Benson (1952, p.64) showed that it would t ake at least a 39 

year record to define a magnatude of a 50 year return period 

(probable occurrence in any cne year, .02 per cent), with an accuracy 

of plus or minus 25 per cent, 95 per cent of the time. To increase 

such accuracy to within a plus or minus 10 per cent accuracy 95 per 

cent of the time would require a 110 year record. 

The Gumbel method for estimating flow distribution, as used 

by the Catchment Board is one of the most widely used methods. 

Benson (1962, p.9), however, considers there are four reasons why 

the Gumbel theory cannot be expected to provide an exact distribution 

for flood peaks. 

1. It is assumed that the treatment derived for daily discharges 

can also be applied to flood peaks. 

2. The daily discharges are not independent events. 



3. The 365 daily discharges in a year do not constitute a 

large number, a s predicted by the theory. 
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4. An assumption underlying the theory that all events are part of 

the same statistical population is not necessarily accurate as 

the annual peaks under consideration may not be of the same 

population. 

Benson believed that Gumbel's work simply presented three 

basic asymptotic distributions of events for which the one with the 

best fit was to be applied and "this statistical method, (then), is 

irerely an empirical process of curve fitting" (Benson 1962, p.9). 

The above would suggest the Return Periods as estimated by 

the Catchment Board may not be very reliable. The flows over 50,000 

cusecs (1 year Return Period) since 1929 are shown in Table VIII. 

These flows are grouped by 1, 5, 10, 25, 50 and 100 year Return 

Periods in Table VIII where the 8ctl.lal and theoretical flows and 

the difference between these are shmm . From this Table, it can be 

seen that in the 42 year period (1929 to 1971) a flow of 50,000 

cusecs (1 year Return Period) has be8n exceeded 34 times. Of these 

flows, one has been of a 100 year Return Period, two have exceeded 

the estimated 25 year Return P.:riod, bu+; 0ri0 "lf +.~s::;e was the 100 

year Return Period flow; three have exceeded the 10 yeax Return 

Period, but one was the 100 year Return Period flow, and one, the 

25 year Return Period flow referred to above. Nine flows have 

exceeded the 5 yeax Return Period, but one of these was the 100 

year Return Period flow, one the 25 year Return Period flow, and 

one the 10 year Return Period flow. 
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Table VIII - l~.AN.AWATU. RIVER FLOWS OVER 50 ,000 CUSECS AT FITZHERBERT 
BR.Ir.GE (Actual and Theoretical) 1929-1972 

Return Period i Actual Number Theoretical I Difference Between I 
(years) of Flows~:· Number of I Theoretical and 

---- ... . · Flows Actual Flows 

1 25 34- - 9 

5 6 4- +2 

10 1 3 -2 

25 1 1 0 

50 0 0 0 

100 1 0 I +1 

Source : Compiled from Fanawatu Catchment Board Records 

It must be realised that a Return Period is an estimation of 

the probability of a flow. For example, in the Manawa tu River a flow 

of 150, 000 ousecs has a Return Period of 100 years. This means the 

chance of a 150,000 cusec floTI occuring in any one year is one in 

100 or 0 . 01 per cent. Therefore, while it appears as though there is 

some variation between the expected and actual distribution of flows, 

(especially when one considers flows of around 150,000 cusecs were 

experienced in 1880 and 1897), this may be due to tho short time span 

of the data used, and the fact that the data used represents a 

selected time span. 

It is likely that the method the Catchment Board used in 

calculating the maximum probable flow is not very accurate. In the 

same Report in which the method was outlined, it was noted that the 

method was winapplicable to the catchment as no suitable average rate 

of rainfall records are avail abl e because of an absence of data on 

rainfall intensities• (Append.ix ' A', to Eoonomic Report 1). It is 

therefore impossible to determine the relationship between rain.fall 
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and runof'f rates t hat a r e necessary for the calculation. Other 

calculations of runof'f rates for the catchment have not produced very 

conclusive results with a wide variation (45 to 100 per cent) being 

noted. 

Even though the Precise Rationale }.iethod suggested a 

Maximum Probabl e flood of 165 ,000 cusccs and G-umbel Analysis 

suggested a 500 year Return Period of 185,000 cusecs , the scheme was 

designed to ta.lee a flow of 150 ,000 cusecs which was a 100 year 

Return Period. The selection of the 100 yea:r Return Period as the 

sized flow t o protect against, did not guarantee against overtopping 

at some future date . There are no justifications for the selection 

of the 100 year Return Period as the system design i n any of the 

r eports on the Scheme and discussions with Evans the Chi ef Engineer 

of the scheme revealed that t here was no consideration given to the 

economic , social or environmental effects of providing prot ection at 

a differ ent level. This suggest s that the select ion of the 100 year 

Return Period was virtually an arbitary selection figure . 

In calculating the impact of various flood events , the 

Catchment Board i gnored a number of basic considerations. It was 

assumed t hat river channels would r emain unaltered, yet it has often 

been pointed out that aggradation or degradation of a river such as 

the Mana.watu is occurring most of the time , especially in a situation 

where stopbanks have been construct ed and a considerable amount of 

material is ent ering the river from t he tributaries. As a result of 

such processes, the stopbanks on the Oroua River have already had to 

be r aised several feet and there is no r eason to expect that the same 
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situation may not occur in the Manawatu River. It is also possible 

that the conditions under which a maximum flood occurred in the past 

no longer apply . The nature of the river bed and the nature of the 

bed load and sediment load, for exa.mple, may be very different today 

than when the original estimates were made. 

In the Catchment Board ' .s explanation for taking the river 

level reading at Fitzherbert Bridge, it was claimed that the Oroua 

was the only tributary below this point and that it had little effect 

on flooding in the area . This is a debateable point as the Oroua 

River has overtopped its banks on a number of occasions and the volume 

of flow in the Oroua significantly affects the backing up of water 

in the Manawatu River. This has particularly significant implications 

for flooding in the Taonui Basin area. 

A final criticism of the Catch~ent Board's perception of the 

flood hazard is the way in which the Flood Frequency Area 's were 

identified. Discussions with Evans determined that they were based on 

topographic details, and personal and local knowledge of the extent 

of past floods , There are, however, no detailed topographic maps of 

the area, therefore major emphasis must have been on personal and 

local knowledge. Valuation Department staff who have been responsible 

for determining the value of land in such scheme areas have expressed 

concern at Catchment Board methods of defining Flood Frequency Areas. 

No recorded data exists on areas covered by different-sized 

flows in the past. Ideally, a technical expert's perception of a 

hazard would be based on a knowledge of local economic activity, and 
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the extent of areas covered, the dur~tion and depth of innundation, 

the velocity of flows in different areas, as well as the sediment 

load carried and deposited in such flows. As this inf'orma.tion was 

not available , the Catchment Board perception could not b e expected 

to reflect the real damage potential for flooding in the area. 

C. Alternative Adjustments and the Adjustment Search by 

the Manawatu Catchment Boa.rd 

All of the alternative adjustments outlined in Chapter 

3 could have been incorporated in the Lower Manawatu Flood Control 

Scheme. Most of these adjustments provide for collective benefit, 

although floodproofing and structural alteration of buildings can be 

performed by individual floodplain managers. It is proposed to 

examine t hose adjustments that provide a collective benefit as , by 

its very foundation and function, the Manavratu Catchment Board rras 

duty-bound to provide such protection . 

Alternative adjustments would have had dif'ferent impacts 

on activity in t he floodplain. It is not the intention here to 

present a case for or against any one adjustment, but rather to 

outline what the possible implications of that adjustment, had it 

been adopted, may have been. 

The Catchment Board focused its attention almost compl etely 

on traditional engineering methods of flood protection. The actual 

scheme decided upon drew heavily on previously proposed schemes, 

especially those by Grant (1937), Hay (1925), Halley (1944) and 

Fulton (1890) . 
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The idea of ponding areas and dams was rejected by Evans 

on the grounds t hat Grant, an earlier engineer, had concluded such 

means of control to be unsatisfactory. Evans quoted Grant as noting 

"It is considered t hat the enquiries arc complete enough to conclude 

that there are no major schemes for flood retention basins in the 

Manawatu that are worthy of development", and Evans himself' added 

"Mr Grant pr epared a number of schemes and considered proposals for 

holding back the water by dams in t he upper reaches uould be 

unsatisfactory", (Evans 1950, p . 3) . 

The actual scheme adopted included levees, channel improve­

ment and stabilization, cutoffs and floodways, all of which had the 

a im of getti ng wat er to the sea as fast as possible . There are no 

records or evidence of consider ation of the benefits that could have 

been a chi eved through v;atorshed management, floodplain zoning, 

structural alter a tions to buildings, tho introduction of flood 

insurance schemes or l and use changes. Discussions with Evans 

reveal ed t hat at no stage were any of these alternatives considered, 

either as independent adjustments or a s part of an adjustment program 

that included a combination of alternative measures . 

Structural Protection Works 

Structural prot ection work such as dams, levees, 

reservoirs and channel improvement tha t were considered by the 

Catchment Board alter streamflow, producing a change in the 

distribution of flood losses . System designs are formulated so as 

to prevent all floods up to a certain magnitude . In a strict 

hydrological sense, however, there are few, if arry, structures t hat 



96 . 

are not liable to be overtopped, for no matter how big the historically 

largest flood, there is still a larger one to come . Nevertheless ., 

"structural protection by eliminating the smaller more frequent floods, 

that account for a large part of the total loDscs, thereby reduces 

the expected value of losses", (Lind, 1967, p. 346) . The elimination 

of the possibility of flooding also eliminates t he risk involved in 

the floodplain settlement, but as pointed out above , there is a lways 

the possibility of floodwaters overtopping the structural protection 

measure . The rapid inundation of the floodplain that would follow 

such an action, coupled with the increased invasion of the floodplain 

due to the false sense of security fostered by such measures, may 

offset the benefits of the protection itself . 

The l evee bank is perhaps the most widely used flood 

protection measure used by offici al bodies in the western world. They 

do, however, have cert ain drawbacks, of v1hich t\70 have been described 

above . In addition to the increased danger to floodplain occupants 

and damage to floodplain properties if overtopped, levees also force 

flood levels upwards, and decrease the natural valley storage thus 

transferring a higher damage potential to downstream locations . 

Other evidence suggests levees cause a rise in the level of the 

river bed and may accentuate aggr adation in aggrading reaches of the 

river (Finer 1944-, p . 23) . Levees also serve to create a leas 

f avourable n~tural drainage situation and deprive' floodplain l and 

of fertilizing water and silt. These disadvantages must be considered 

along with the benefits when judging the effectiveness or value of 

levee banks . 
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The levee has an advantage over reservoirs as protection is 

clearly distinguishable. Reservoirs have disadvant ages in that they 

are prone to silting up and consequently, in extreme cases, may have 

a life expectancy of only 30 to 50 years . In addition to this, they 

are usually kept nearly full for fishing and recreation, or town water 

supply, l eaving little capacity for floodwater. They also present a 

greater danger downstream if overtopped than if they did not exist at 

all. 

River channel improvement consists of measures designed to 

increase velocities and thereby lower flood stages. This is usually 

done by straightening, widening, dredging, shortening the channel 

and/or decreasing its roughness. These measures will a lways be at 

least partially eff ective in reducing even the l argest flood. The 

difference in hydraulic conditions can be ca lculat ed by Mannings 

formula , and some idea of benefits can then be gained. Against t his, 

hov;ever, is t he tendency for increased velocities and the cutting of 

meanders which promotes uncontroll ed erosion, thereby developing now 

bends and damaging embankments etc. This problem was partly overcome 

in the Manawatu by the placement of stone on potential erosion spots. 

Watershed Management 

This general term includes a number of measures aimed at 

the control of erosion, conservation of water and flood control. All 

erosion control measures have the tendency of reducing runoff and 

thereby reducing flows in downstream channels . In the same way, the 

amount of detrius washed down from the hills is also reduced, therebJ 

helping to reduce streamf'lows . The reduction percentage is greatest 
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for floods of moderate magnitude, and least for floods produced by 

excessively heavy rain. 

Studies undertaken in the United States have demonstrated 

the effectiveness of watershed protection. Sears in Peterson (1954) 

noted that land converted to ordinary agricultural usage lost one 

half to two thirds its initial capacity to absorb . Peterson (1954, 

p .23) noted that it was possible to control a cloudburst of 13 

inches in 24 hours with good watershed management , (This may be 

compared with the estimated maximum probable fall of 5 inches in 24 

hours for the Manawatu.) Perhaps the most persuasive case for 

watershed management is dr~wn from U.S. Agricultural Department 

findings that 75 to 85 per cent of all agricultural :flood damage 

occurs on tributary watersheds, leaving only 15 to 25 per cent for 

the floodplain. Whilst it is agreed that not all situations are 

comparable, it must be recognised that watershed management does 

have a significant contribution to make to flood protection. 

Watershed management is extremoly important for future 

river conditions and ther efore flood control in the Manawatu:region. 

The erosion problem is serious in the ranges, particularly the 

eastern Ruahine ranges and Pohanginga Valley. Around one million 

dollars is scheduled for erosion control in the eastern Ruahines. 

The entire catchment condition is thus recognised as being of major 

importance in determining flood conditions. 

Flood Insurance 

Alth01gh provision for the introduction of a flood 
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insurance scheme as an adjustment to the flood hazard was not 

directly incorporated in the 1941 Soil Conservation and Rivers 

Control Act, the Act did state that new laws could be formulated if 

it was considered they would prove beneficial to controlling flood 

losses. 

A compulsory flood insurance scheme is the only adjustment 

that completely removes the uncertainty of future costs of flood 

damage. Such a scheme has been advocated by Krutilla (1966) and 

Lind ( 1967). The premiums would be equal to the estimated future 

social and private flood damages, and would be proportional to the 

risk of each floodplain occupant. 

An insurance policy that covered all economic loss by a 

premium equal to the expected loss would serve t o add the cost of 

the premium to operating ccsts. The expected cost of floodplain 

location would therefore be the same with or without flood insurance, 

but with an insurance policy 1 these co s ts would be known with 

certainty and risk therefore eliminatedo 

The major problem with such a policy is that transaction 

costs would need to be added to the promiu:n, whic!-;. would consequently 

exceed the expected losses. Thus, whilst a flood insurance scheme 

could serve as a rationing device in floodplain land use by the 

elimination of economically unwarranted uses of floodplain land, at 

the same time some activities that would have found it profitable 

to locate in the floodplain could now find it unprofitable. 

The major benefit of the scheme would come from the 
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elimination of the risk of floodplain location. If the amount by 
I 

which the premium exceeded expected losses was less than the cost of 

risk bearing, then the net benefit would be the difference between 

the cost of risk bearing and the cost of t~1e policy. 

Flood insurance is being seriously considered in the 

U.S. A. "Recent proposals for a national scheme of floodplain 

insurance are apparently being taken seriously by Congress," (Whipple 

1 968' p • 68) • 

I rr fairness to the Manawatu Catchment Board, it must be 

pointed out that developments in this field have occurroa mainly 

since construction of the flood scheme, although the issue was the 

subject of scholarly discussion by 1953 (Langbein 1953). The 

virtual certainty of loss and its catastrophic nature were 

considered to be formidable ob8tacles. It is suggested, however, 

that some investigation of the feasibility of such a scheme was 

possibly warranted. 

Floodplain R~€i';!_lations 

Floodplain Regulations, V:-~!i_ch ·.~~ ·~ 0 f :1.r .:·':; suggested in 

1960 by Vogel, cover a wide ranee of codes, ordinances and 

regulations designed to control land use and construction within 

the floodplain . Floodplain regulations or zoning can be a major 

factor in flood damage reduction, by ensuring floodplains are used 

for purposes not subject to flood damage and by maintaining the 

necessary flooduay capacity so that flood flows are not obstructed. 

The formation of floodplain regulations involves the 
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selection of the type and degree of control to be exercised. This 

varies with the hazard and the need for various uses in t he flood­

plain . The degree of control by floodplain zoning should be based 

on a definition of alternatives and the selection of the one that 

maximises the excess of benefits over costs . 

Floodplain zoning in excluding some activities that could 

have profitably located in the floodplain suggests that where the 

attitude towards risk differs between the individual and society, 

and where society is forced to accept some responsibility for 

catastrophic losses, then society is justified in imposing its 

preference for risk bearing on the indi vidual . 

Floodplain regula tio,.,r- <'lo riot moan that floodplains 

cannot be used advantageously even though it has been stat ed that 

floodplain zoning consists of a loss to tho collllilUnity of being 

unable to use l and in the proG.uc-~ivc manner in which it could 

otherwise be used (James 1970). Flood.plain zoning, because it is 

uniform in cost value per acre and independent of design fl ood 

depth, is advantageous for deeper and rarer floods . The management 

of floodplains through floodplain regulat:.ons has increa sed as the 

importance of environmental control measures has been recognised, 

but deserves more a t tention for economic reasons . Such regulations 

could have been introduced in the Manawatu af'ter the scheme to 

reduce d.a.mage potential . 
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Emergency Action 

Emergency action in time of flooding consists primarily of 

flood warning and evacuation services. In order that property and 

stock can be removed from the threat of floodwaters a reliable 

warning system giving sufficient warning of an impending flood, and 

a system for disseminating the information, as well as public and 

private plans for action, and equipment and personnel to do the job 

are required. Three different estimates of the savings tha t can be 

made if a reliable warning system is provided have been outlined by 

White (1964, p.68). These three estimates suggest a saving in flood 

damage of five to ten per cent can be obt ained. These estimates are 

those by: 

1. White and Morill (1935) who used Weather Bureau date and field 

surveys and concluded a five per cent saving could be made. 

2. The Corps of Engineers who also estimate a saving of five per 

cent if adequat e warning i'" ;i:~ovided and 

3. The Weather Bureau who used their own weather dat a plus mail 

posted questionnaires and estimated a t:n per cent saving if 

warning services were provided~ 

D. Ma.nawatu Catchment Board Evaluation Process 

An examination of a proposed scheme should theoretically 

involve an assessment of the various alternative adjustments and the 

selection of the one or combination that perform most favourably in 

terms of stated objectives. The evaluation process ideally involves 

a consideration of economic, social and environmental implications. 

The Manawatu Catchment Board's evaluation process did not 
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include consideration of alternative adjustments , or the possibility 

of different levels of flood protection o'sher than that provided in 

the scheme. The only evaluation criteria referred to were economic. 

Social and environmental factors were not evaluated. These 

criticisms ar e both val id and very real (they were arrived at after 

discussions with Evans, the chicr engineer in charge of the scheme). 

It is apparent that the Catchmen~ Board's evaluation process was 

very limited in its considerations . 

An econom~c evaluation of the scheme was demanded by the 

1941 Soil Conservation and Rivers Control Act~ Before a flood 

protection scheme can begin, a Catchment Board has to provide an 

Economic Report to the Soil Con~8rvation and Rivers Control Council 

showing that the anticipated economic benefits of a flood scheme 

exceed the anticipated eco~omic costs. The details of the Economic 

Report presented by the ManawaJ.;u Catcl:::·: -:: rit; Board and the 

implications of various elerrents in the evaluation process are 

outlined below. 

The Economic Report Subrn:i.tteA.. +.0 the Cmmcil 
-~-~-,,....~-~=- -:...~- ·-- - · - .__.::,._ -·..::. .:;-t-·- -- - -~--

For the purposes of analys~.s, t l'1 8 ~-·:·: ·: ,,., the Catchment 

Board considered to be a:f'fecteC. by the schE.:me was divide.a into the 
.· . .. . , I· 

~ .... 

floocl f ;:equency areas and zones shown in Figure 4.3. 

In all it was estimated that 71,475 acres (176,686 

hectares) of I'U:'al land would directly benefit from the flood 

protection sc~eme, and 43,860 acres (108,422 hectares) would 

indirectly be::c:":. -~. A fl.'rth Ar 1 ,672 acres (4, 133 hectares) of 
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Palmerston North stood t o benefit from the scheme. In all it was 

consi der ed some 127,007 acres (308,229 hectares) would benefit 

either directly or indirectly f r om the preventi on of floods up t o 

a 100 year Return Period. 

The Capital Value of t his land was calculated as shown 

below (the year on which land values were ba sed was not given): 

Urban (actual prices) 

Pal merston North City 

Feilding Bor ough 

Foxton Bor ough 

Shannon Bor ough 

~ (estimated prices) 

Direct benefit 

Indirect benefit 

~ £23,000,646 

£14,881,555 

£ 2,307,81 0 

£ 673,106 

£ 258,890 

£18, 1 21 , 361 

£ 3,379,285 

£ 1,500,000 

£ 4,879,285 

The actual Economic Report submitted t o the Council was 

divided into three main sections covering: 

1. Estimated flood d.a.magee 

2. Estimated increase in market value of the l and. 

3. Es timated increase in the pr oduction wit h improved land use. 

1. Estimat ed Flood Damage 

The estimat ed flood damage from all causes shown in 

Table .'.J:l was compiled from i.nf'ormation obtained f'rom l andowners, 
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TABLE IX SUMJ:IARY OF ESTIMATED FLOOD DAllll.GES (in £' s) 

L Dnmage within Flood Frequency Areas 

! 0-11 1-4 5-19 20-100 
lfonths Years Yoars Years 

1 Mou to a 190 314 635 12,035 

2 Flax area 

3 Koputaroa lt-1,623 1,522 4,402 

4 Makerua 41'623 477,955 

5 Taonui I 1'535 3,690 6,807 61'342 

6 Oroua West 100 1,067 1 ,067 30,562 

7 Longburn Ashhurst 67 683 3, 374 12,359 

8 Palmerston North City 21 ,500 235,000 

Me.ngaone Kawaua 530 630 1'185 2,302 
9 Palmerston North City 19,000 

10 Feild.ing Awahuri 144 417 1 ,579 6,525 

Stop banks 1 ,000 3,000 5,000 10,000 

Drains 100 200 500 10,000 

Highways and Roads 660 1'100 1,600 4,760 

New Zealand Railways 300 700 1,400 2,000 

Totals 1 
j 

4,626 53,433 87 ,801 888,242 
I 

Estimated Flood Damage over 100 year period 

Flood Frequency Area 

0 - 11 Months £4,626 x 80 = £ 370,080 

1 - 4 Years £53,433 x 15 = £ 801 ,495 

5 - 19 Years £87 ,801 x 4 = £ 351,204 

20 - 100 Years £888, 2L~2 x 1 = £ 888,242 

Grand Total £2 ,411 ,021 

Source: Manawa tu Catchment Board Records 
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Dairy Factories, Produce Merchants, Newspaper files, Local Bodies 

and data. collected by tho Manawatu Catchment Board between 1950 and 

1956. 

Wherever possible actual figures of losses were used. 

Where this was not possible estimates were made. In the case of 

loss of revenue from butterfat production, where figures for all 

areas were not availabl e , actual lmown losses were used to strike an 

average loss per cow over comparable areas . Revenue losses were 

ba sed on the estimated increase in value over the 1942 figures. 

(The Report Tias filed in 1950 . ) The values used by the Catchment 

Board in estimating flood losses were a s follows: 

Butterfat yield 

Butterfat 

Dairy cows 

Sheep 

Beef cattle 

Grazing out cattle 

Grazing out sheep 

Repair f onces 

Pasture damage 

Crop damage 

Onions 

Potatoes 

Market garden 

Hay losses and purchased 

- Average 250 to 275 lbs per cow 

- 18 pence per lb . 

- £10 per cow. 

- Average £1 per head. 

- £10 per head . 

- One shilling per head per week. 

- Three pence per head per week. 

- Minor floods 18 pence per chain. 

- 100 year floods £1 per chain . 

- £3 to £5 per acre. 

- £5 per care. 

- £200 per acre . 

- £70 per acre. 

- £150 to £200 per acre . 

- £5 per ton 



Build:ings 

Plant and Implements 
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- Depreciation, loss of personal 

effects etc . £100 per dwelling. 

- Depreciation and reconditioning 

3~ per cent. 

Estimated losses under stopbanks were based on the actual 

cost in 1949 of moving back and repa ir:ing stopbanks, necessitated by 

the erosion of tho l and on which the stopbanks were built. The 

annual value placed on this 1;as ~1 ,000 for the 0 - 11 month flood 

frequency area , £3,000 for the 1 - 4 year flood frequency area, 

£5,000 for the 5 - 19 year flood frequency area and £10,000 for the 

20 - 100 year flood frequci::::y area . 

The damage to drains \i'as based on the estimated cost of 

removing silt, rubbish, etc. and r-estoring the drains to good 

conditions after 'che flood. This was Yalued at an annual value of 

£100 for the 0 - 11 months flooCi freq_t:6nc:7 area, £200 for the 1 - 4 

year flood frequency area, £500 for the 5 - 19 year flood frequency 

area and £10,000 for the 20 - 100 year flood frequency area . 

It was estimated tha-c in 100 yea".'s, 2,200 miles of high­

ways and roads would be flood8d to a greater or lesser degree 

depending on the magnitude of the flood. On metalled roads, damage 

would be from deposi"Gion of driftwood and silt and the loss of small 

sections by scour. On sealed highways, silt and driftwood would be 

deposited, shoulders scoured, culverts washed out and water tables 

silted up. In addition, eome bridges would be washed out in larger 

floods. The following damag0s were estimated: 0 - 11 months flood 

frequency areas, £6EO; 1 - 4 year flood frequency areas, £1, 100; 
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5 - 20 year flood f'requo.ncy areas , .£1-,600; 20 - 100 year f'l ood 

frequency areas, £4,760 . 

Estimat es of the damage t o Railways was based on the cost 

of repairing lines damaged in the 1947 and 1948 floods . They did 

not include extr a oper ational costs, or indir ect losses due t o l oss 

of traffic , hold up of wagons or the losses incurred by the 

travelling public . Damage v1as put at £300 for the 0 - 11 months 

flood frequency area , £700 for the 1 - 4 year flood frequency area , 

£1,400 for the 5 - 19 year flood frequency area , o.nd £2,000 f'or the 

20 - 1 00 year flood :f:r-equency area. 

Damages to Palmerston North C:i.ty included the area li'f'ecteCl 

by the ).{a.nc.vrat--1 Ri7er and the l,!a.ngaone and Kawau Streams . The 

.i."'igures for &.mages to city services vmr c estimates only. They 

included rep:iirs to ct'Jwers, the storz:nw+s _~ system, telephones, 

ole0tricity and water suppJy, streets a~d removal of debris etc . 

The d.3.mages .-1ere pl aced at £530 for th~ 0 - 11 month flood frequency 

area, £030 for the 1 - 4 year flood f Jquency area , £22,685 for the 

5 - 1 9 :rear f'lood frequency area q,na ·~256 , 302 f'or the 20 - 1 00 year 

flood f're~uency area . 

A summary of the estimated 0i.stribution of' i'lood damage 

iL presented ln t abµla r form in Table J ( . 



Ae h reeult of flood protection, tne Catchment Board 

bei:teved land ynltioa would m.rtioma.ti:o£\lly inorease ae a. re~ul t af a 

change to hi.ghe~ intensity use, and r esultant great er produotivity. 

tt was est:irnatea that l and in the a~ea that was prone t o direot 

flood damage would increase in value by £1,095,000 while land in the 

ai'ea oi' i ndil'eot benefit would increase in value by £12,500 . The 

distribution of these increases over the various areas directly 

affected by the scheme is shown in more detail in i'able x. 

In addition to the estimated enhanced land va lue was an 

estimated 22,250 acres on the banks of the Manawa.tu River and 

6,250 acres on the banks of the Oroua River that would be prevented 

from erocll:ng~ The following values were pla~d on the enhanced 

value of' these secti·ons: 

Ma.nautu River 

7., 500 ao.re.s e ~ {) an acre 

7) 500 aores @ £5 ·an aore 

7, 250 ac~s '@ .£2 .. 1'os .. a.n acre 

.-Qt-Q'l:la R.lls>:r; 
}.,_ 000 a-eros @ ~; an acre 

3·, 250 aores @ £2--. 10s.,. an a.ere 

6-,250 acres 

~ 

= 

= 

a: 

= 

£15.3-, 750 

£ 15-,000 

£ .371.,.500 
£ 1 s. .. 1,z5 

£130.,,25 

'£ 15.,000 

~ 8:, 1.25 

£ 23.,.1~5 

Tu ·a.11 then it 'was e stii..mated that the total in<>rease i'l'l la.l'ld va.'.l.ue 



111 • 

TABLE X - EST JMATED I NCREASE I N LAND VALUES 

Year I ( 1 ) (2) (3) (4) (5) 

Mou t o a Flax Area Koputaroa Makerua Taonui 

1 700 acres @ 3,700 acres - - 4,400 acres 
year £38 = @ £35 = @ £33 = 

£26,600 £129 ,500 £145,000 
Still liable 
t o 20 year 
flooding 

5 500 acres @ - - 2,680 acres 3,800 acreis 
year £35 = @ £20 = @£20 = 

£17 ,500 £53,600 £76,000 

. 

20 1,700 acres@ - 3,500 acres - 5,200 acre s 
year £15 = @ £10 = @ £10 = 

£25,500 £35,000 £52,000 

100 2,100 acres - 2,200 acres 18, 900 acres 
year @ £5 = @ £2.10.0. = 6,900 @ £15 £10,500 £5,500 = £103,500 

t 

6,ooo © £10 
= £60,000 

6,000@ £5 
= £30,000 

Totals £80, 100 £129,500 £40,500 £247' 100 £286,450 
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(6) (7) (8 ) (9) (10) Totals 

Oroua West Longburn Palmerston Mangaone Feilding 
Ashhurst North City Kawau Awahuri 

- ·-
275 a cres @ 105 acr es @ - 3,260 acres 150 acres@ 
£20 = £5,500 £30 = £3 , 150 @ £10 = £10 = £1,500 

£ 32,600 (50 acres in 
Palmerston Bush) 
North City 
100 acres@ 
£50 = £5,000 £349,050 

800 acr es @ 355 acres @ - 1 , 100 acres 50 a cres@ 
£10 = £20 = £7' 100 500 @ £10 = £10 = £500 

£8 ,000 £5,000 Feil ding 

Palmerston Borough = 
North City . .£2 , 000 

1,200 build-
ing sections 
@£35 = 
£42 ,000 

200 acres @ 
£50 = 

£10,000 £221,700 

- 2,000 acres 670 acres - 150 acr es @ 

@ £15 = 2,680 sect- £7 = £1 ,050 
£30, 000 i ons @ ,£40 "l"eilding 

say = Borough = 
£100,000 £3,500 £247,050 

7,600 acres 1,000 acres 300 acres - 500 acres @ 

3,000 @ £5 @ £5 = @ £50 = £2 . 10 . 0 . = = £5,000 £15 ,000 £1 , 250 £15, 000 

4, 600 @ £ Feilding 
Bor ough = £2 .1 0. 0 . = £7,200 £277,700 £11 , 500 

-

i 
I £41),000 £45,250 £115,000 £94,600 £17,000 ~1 ,095,500 

Source: Manawatu Catchment Board Records 
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3. Estimated Increase in Production with Improved Land Use 

The estimated increase in production following the :flood 

scheme was calculated by the Catchment Board. Their estimates are 

presents in the Tables XI and XII. The increased production would 

not be immediate and the Catcht~ent Board calculated tha t it would 

be a minimum of 20 years bef oro maximum production was attained. 

Table XI shows the estimated graduated increase in production: 

TABLE XI - ESTTiilATED INCREASE IN FRODUCT:J:-ON REVENUE 

1st year 

2nd year 

3rd year 

4th year 

5th year 

6th year 

7th year 

8th year 

9th year 

10th year 

Nil 

£ 2,000 

5,000 

15,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

11th year 

12th year 

13th year 

14th year 

15th year 

16th year 

17th year 

18th year 

19th year 

20th year 

£150,000 

160,000 

170,000 

180,000 

200,000 

£1,4.22,000 works 
completed 

210,000 

215,000 

220,000 

225,000 

230,000 ma.ximum 

£2,522,000 

1 00 year increase in revenue £18, 400, 000 

Source: Manawatu Catchment Board Records 

4. Estimated Costs of the Scheme 

The estimated capital cost of the scheme as presented in 

Table XIJI amounted to a total of £1 , 1 30, 000. These estimates were 

suitable for presentation to The Soil Conservation and Rivers 

Control Council and Treasury for their decision as to a government 

loan subsidy basis. 
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I ears 

r 
! 

1 
year 

5 
years 

20 
years 

100 
years 

Totals 

TABLE XII - ESTD!ATED INCREASE IN FRODUCTION WITH CHANGE OF 
LAND USE 

1 ( ) 2 ( ) (3) (4) 

Moutoa Flax Area Koputaroa Makerua 

700 acres Maximum - -
200 cows@ Production 

275 lbs will be 
maintained butterf'at = 

£4, 125 

50 acres 
potatoes @ 
£70 = £3,500 

5,000 acres - 2 1680 acres 

140 cows @ Maximum 50 acres 
onions @ £200 275 lbs Production 
= £10,000 butterf'at = will be 

£2,887 maintained 100 acres 
potatoes @ 

100 acres £70 = £7 ,ooo 
pota t oes @ 900 cows @ 
£70 = £7,000 30 lbs 

butterfat = 
£2,025 
Sheep 250 @ 
£1 = £250 
Cattle 50 @ 
£3 = £150 

1 1 700 acres Maximum 3 2500 acres -
4-00 COWS @ Production On 1 ,000 

275 lbs 
will be acres 100 
maintained cows @ 275 butterfat = 

£8,250 lbs butter-
f at = £2,062 

100 acres 
On 2,500 potatoes @ 

£70 = £7,000 acres 2 ewes 
per acre @ 
£1 = £5,000 

2 1100 acres Maximum 50 cows @ 100 acres 

105 cows@ Production 275 lbs onions @ £200 
will be butterfat = = £20,000 275 lbs maintained £1 ,030 butterfat = 200 acres 

£2, 165 potatoes @ 

£70 = £14,000 

- -· -- . 

£34,927 - £8,092 £53,425 
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(5) 
l 

Taonui I 

1,467 cows@ 
250 lbs butter 
fat= £27,506 

Sheep 4,000 
@£1 = £1+,000 

1, 100 cows 
@ 25 lbs 
butterfat = 
£2,062 

Sheep 10,000 
@ £1 = £10_,ooo 

200 acres 
potatoes @ 
£70 = £14,000 

I 
2,300 cows 
@ 275 lbs 
butterfat = 
£47,437 

100 cows 
@ 275 lbs 
butterfat -
£2,062 

.. 
,. 

£107,067 
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. 
I (6) (7) (8) (9) ( 1 o) Totals 
) ., 

Oroua West Longburn Palmerston Mangaone Feil ding 
Ashhurst North City Kaw au 

Increase 50 cows @ 30 - 1, 100 COWS @ 1 00 cows @ 1 0 1 b s 
butterf'at 90 lbs= £1 35 20 lbs butter- butterf'at = £75 

! cows @ 30 lbs f at=£1,500 Market Garden = £200 Increa se 25 £100 
I 

COWS @ 275 lbs 
butterfat = 
£515 

1 ,500 sheep @ 

£1 =~ , 500 £1+3, 156 

620 COWS @ 250 cows @ - - 120 cows @ 15 
15 lbs 30 lbs l bs butterfat = 
bu t t erfat = butterf'at = £135 
£697 £562 Mar ket Garden 

£200 

Increase 5 acres 
Mar ket Garden @ 

£200 = £1 ,ooo 

£37,968 

- 1 ,ooo cows @ - - 120 cows @ 10 
10 lbs lbs butterfat = 
butterfat = £90 
£750 10 acres potatoes 
100 acres @ £70 = £700 
potatoes @ 
£70 = £7,000 . 

£78, 289 

t ncrease cows Increase oowa - - -
700 cows@ 50 0 0'7S @ 
275 l bs 275 lbs 
bU;tterfat = butterfat = 

£14,437 £1 ,030 
less 
sheep 41000 £50,724 

£10,437 

. -

£11 ,334 £9,477 - £3,515 £2,300 £230, 137 
-
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The original Economic Report made no mention of (a) the 

estimated expenditure of lando,rrners to give the increased production 

of £230,000 as set out in the Economic Report; and (b) the cost 

of annual maintenance of l~:;e'e' s berms, etc. 

The Soil Conservation and Rivers Control Council requested 

information on these two details before making final judgement on 

the economic merits of the proposed scheme. The Cathment Board 

estimated an increased cost to the landowners in the area amounting 

to £535,000, and noted that the estimating of maintenance costs was 

difficult but calculated them to be around £30,000 a year. The 

composition of the maintenance costs was as follows: 

1. Berms to be kept clear of weeds and debris. This was 

to be done in the lower area by suitable grazing and 

it was thought that it should not be a charge on the 

ratepayers, as it would be self supporting. 

2. Willows, Poplars and other trees to be layered and 

kept in order. 

3. Growth and snags removed from all channels. 

4. Stopbanks maintained. 

5. Bank protection work maintained. 

6. Small tributaries dredged and wBeds etc. removed. 

7. Structures kept in good order. 

The estimated cost of this was as follows: 



Labour - 20 men @ £.600 

Veh1c~e~ - L15ht Qnd heavy 

Bulldozers and heavy plant 

Materials 

5. Summary of Estimated Costs and Benefit~ 

£12,000 

5,000 

10,000 

3,000 

£30,000 
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In all it was estimated that some 127,007 acres (308,229 

hectares) with an estimated Capital Va lue of £23,000,641) would 

benefit either directly or indirectly from the flood scheme. The 

estimated savings from preventing flood damages over a 100 year 

period were £2,411,021, while it was considered land values would 

increase by £1,201,750 and production revenue would increase by 

£18,000,000 over the 100 year period because of the scheme. Against 

this estimated overall benefit of £22,072,771 for the 100 year 

period was an estimated capital outlay of £1,130,000 plus an annual 

maintenance cost of' £30,000 a year (£3,000,000 over 100 years) 

and £535,000 required by farmers to enable them to ts.lee full 

advantage of the scheme. 

TABLE XIII - ES'J;'IMATED CAPl'TAL COST OF SCHEME 

Acquisition of Land and Compensation 

1. Land in floodway as detailed in Appendix 
'D' £124,000 

2. Land compensation in other areas 

3. Loan liabilities of local authorities 
to be taken over 

Clearing 

4. Clearing of' berms 

5. Clearing obstructions from ehannels 
in Manawatu and Oroua Rivers 

5,000 

58.500 

4-,000 

3,500 

£187 ,500 



TABLE XIU- continued 

6. Cl earing Willows from the Oroua -
15M to 24M 

Earthwork 

7. Stopbanks from Sea to Foxton 

8 . Stopbanks and guide banks Moutoa 
area 

9. Stopba.nks - Buckl ey area and lower 
Makerua 

10 . Stopbanks - Kara Stream 

11 . Stopbanks - Makerua area - less mat erial 
from Item 13 

12 . Stopbanks - Himatangi area 

13. Levelling berms in Opui Bends area 

14. Stopbanks - Taonui area - less material 
from Item 13 

15. Stopbanks - Palmerston North area 

16. Stopbanks - above Palmerston North a rea 

17. Stopbanks - Oroua River 

18 . Removing of stopbanks not re-used 

Grassing 

19 . Re- grassing of stopbanks , berms etc. 

Structures 

20. Sluice Gate a t Wall ' s Spillway 

21 • 

22. 

Burke 's Drain Floodgate • 
Alterations to bridges , small sluice 
gates and other small items 

Bank Protection 

23. Heavy Protection - Rock wor k 

24. Medium Protection - Rock and Willow 

25. Light Prot ection - Willows and tree 
groynes 

Planting and Fencing 

f_ 6,000 

5,000 

101 ,ooo 

23, 000 

3,000 

38,000 

2,500 

24, 000 

17 ,000 

4-,000 

10,000 

50,000 

1 ,000 

11 , 500 

200,000 

10,000 

10 ,000 

104-,000 

24,000 

40,000 

26. Planting willows and poplars 2,000 

27. Planting trees for future bank protection 1 ,500 

28 . Fencing of plantations and Board's land 9,000 
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£ 13, 500 

278,500 

11,500 

220,000 

168,000 

12,500 



TABLE XIII- continued 

Cut- O:ff s 

29 . McCool ' s Cut 

30 . Cut- off a t 26M 

31 . Cut-of'fs on Oroua River 

Miscellaneous 

32 . Improvements to Stoney Creek 

33. Improvements t o Mangaone Stream and 
Whiskey Creek 

34. I mprovements to Makino Stream 

Contingencies 10% 

Engineering Supervision 

500 
13,000 

6,000 

500 

70,000 

15 ,000 

TOTAL 

TOTAL 

GRAND T CYI'AL 
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19, 500 

85,500 

£996,500 

100,000 

£1, 096,500 

33,500 

£1'130,000 

E . Comments on the Catchment Board Evaluation Process 

Comments on t he Catchment Board' s estimation of costs 

and benefits of the scheme may be directed in two major areas : 

1 . Content, benefits and costs inol uded or not included. 

2. Met hod of computing costs and benefits . 

The calculation of costs and benefits as shown in the 

Economic Report followed the traditional guidelines for the economic 

evaluation of a flood control project. To some extent there may be 

considered deficiencies in t erms of over simplifi cation and omission. 

Economic efficiency as a means of evaluation necessitates the 

comparison of the cost crf i nputs and the value of benefits 

generated. Input costs can be estimated.reasonably acctira tely 

:from known physical quantities and unit prices, but benefi ts have 
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to be estimated on the basis of f actors which are neither entirely 

predictable nor completely lUlder human control . 

Input costs consist of capital costs and maintenance 

costs, and associated costs necessary to r ealise the full potentia l 

of a scheme . These were covered in t he Economic Report (although 

maintenance costs and on-farm costs had to be r equested by the 

ColUlcil). Although the construction costs were to be spread over 

a fifteen year period, no allowance was made f or increased prices 

and wages or inflation in the cost of the scheme. In a similar 

manner, there was no allowance for such increases in t he estimates 

of maintenance costs. The initial cost estimat es also ignored the 

traditional contingency f actor of ten t o fifteen percent of the 

construction cost which is usually added t o cover discrepancies 

between theEBtimated and actual quantities involved, omission of 

work, lUlforeseen cons t ruction difficulties, changes in plans and 

other uncertainties. 

A major omission in the original costing was t hat of 

a ssociated development costs that would be r equired to realise 

the project objectives and benefits. These included: 

1 . Increased on-fa rm costs such as fencing, buildings , regrassing, 

tile or mole drainage, purchasing of additional stock and increa sed 

fertilizer costs, etc . 

2 . The increased expenditure by Drainage Boards needed to improve 

drainage f acilities (drains, pumps and staff wages) . 

The way in which the benefits of the scheme were calculated 
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is also open to critical review. The benefits of a flood protection 

scheme can best be described as the ES timated improvements and 

increased production attributable to the project . This is measured 

by t he difference in conditions and circumstances which would 

exist with and without the pr oj ect. Benefits are not derived from 

a comparison of before and ai'ter conditions a s calcula t ed by the 

Manawatu Catchment Board, but the emphasis is on the two sets of 

estimated future conditions, t hat is, the future with flood 

protection and without flood protection. The increase in net 

gain with the project, over that without, is the measure of the 

net benefit of the project . 

In urban areas , the dif'f'erence between probable damage 

without flood protection and the reduced damage with protection, 

plus the increased market value of l a nd and production 

attributable to the flood scheme, determines the flood control 

benefits. In rural areas reduced damages to crops, livestock, 

buildings , etc. and the increased production and real estate value 

attributable to the scheme, measure the benefits of the scheme. 

In addition to the direct benefits, there are indirect 

benefits such as the reduction in loss of life and the enhancement 

of the general welfare and security of the people. These social 

factors were not considered by the Catchment Board, yet they are 

of major importance to the occupants of the area affected by a 

flood control scheme. Associated with such social costs are 

environmental costs. There was no consideration of the 

environmental impacts of the Lower Manawatu Flood Control Scheme 
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in the Catchment Board 1s evaluation of the scheme yet such 

i mpacts have important implications not only for the subsequent 

environment, and a ssocia t ed social conditions, but also for the 

economic success or other wise of t he scheme . These environmental 

considerat i ons are discuss ed in more detail i n Chapt er 6. 

The Catchment Board's met hod of estimating losses was 

based on an extrapola tion of r eported l os s es drawn from a number 

of differ ent sources. These losses can only be as r eliable and 

comprehensive a s the reporters who could have omit t ed some f actors 

and double counted others. It is also possible that the criteria 

used by the different sources or reporters were not necessarily 

strictly comparable and that t hi s was not r ecognised by the 

Cat chment Board. Perhaps t he most s erious limitation on the 

estimation of losses ( apart from t he ar ea of discus sion which 

exists over the interpret ation of the hydrologic records), is the 

f act that flood damages are a function of the depth and duration 

of inundation, the velocity and frequency of flood waves a nd 

amount of silt deposited, a s well as the structural composition 

of bui ldings affected by the flooding. The Catchment Board had 

virtually no data on any of these flood characteristics on which 

they could accurately estimate flood damages. 

Costs and benefits in the Catchment Board's eva luation 

are expressed in monetary terms . Many of these benefits or costs 

will however occur in the f'uture. It is therefore necessary to 

estimate these factors as they occur during the total "economic 

life" of a project. (The economic life of the Lower Manawatu 
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Flood Control Scheme was never stated.) Consideration must be 

made of society's preference for present over future benefits and 

an adjustment (social discount r ate ) made to compensate for this 

valuation. A discounting techniqu e such a s the Social Time 

Preference Rate or Opportunity Cost Rate should have been applied 

and all future benefits and costs referred to in "net present 

value" terms or a s discounted cash flows. 

Accepting that a discount rate must be applied, there 

remains the fundamental problem of the choice of an appropria t e 

r ate. Disregarding the debate between the various techniques, 

there remains the situation that the discount rate chosen should 

be at least the minimum attractive r ate of return on long term 

government investment. In New Zealand, the Treasury recommends 

an interest r ate of ten percent. The Catchment Board made no 

acknowledgement of the need to apply such a discount r ate. This 

could affect the profitability of the project to a considerable 

extent . 

A flood control scheme involving structural measures, 

such as in the Lower Manawatu Flood Control Scheme, automatically 

and incidently provides flood loss ~eduction services to all 

floodplain occupants, if they are to provide a service to any 

individual or subset of occupants. As such, protection afforded 

is not subject to the "exclusion principle" of economics, which 

states that anyone unwilling or unable to pay the price or fee f'or 

a commodity or service can be excluded from the consumption or 

enjoyment of' the same. Consequently,such a flood protection 
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scheme must take on the attribute of a public good. The situation 

thereby arises where the cost of a project is borne by society at 

large, but a small number of individuals may receive the bulk of 

the benefits of the scheme. 

Conventional economic evaluations, such as adopted by the 

Catchment Board, are only concerned with those costs and revenues 

which directly ai'fect profitability. It is suggested, however, 

that, in the light of the above discussion, the desirability or 

otherwise of a project should be judged from a social or community 

viewpoint. This would involve consideration of all costs and 

benefits resulting from a project including social and environmental 

costs and benefits as well as purely economic costs and benefits. 

The diversion of resources into flood protection would 

seem to suggest that a socia l evaluation of the economic merit of a 

scheme would be beneficial and that it should be as comprehensive 

as possible. Economic theory provides the rationale for the 

identification of utility . with willingness to pay and the 

expression of the later quantity in many cases, as the market 

vaJ.uation. Where goods or items are non-priced, there is a 

methodology available for the derivation of surrogate values, and 

the including of external costs and intangibles in such an 

evaluation. Society's valuation of the advantages and disadvantages 

of a particular scheme in monetary terms may then be used as a 

statement of the implications of an action in terms of net social 

welfare. This provides the decision maker withauseful guide in 

the complex planning process·. The choice of adjustment (or degree 
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of control) could then be based on the use of a benefit-cost 

approach with the selection of that r atio which maximises the excess 

of benefits over costs. In doing t his, the benefits can be measured 

a s the net income for the uses planned for each degree of control 

and costs a s the increase in invest ment and operating expenses 

(plus ma intenance cost increases), and the estimate of flood 

damages . The degree of protection given should then be based on the 

incrementa l cost of the l a st unit of protection as compar ed with 

the incremental benefits, after allowing for project-induced 

losses. One is thus seeking the point where the total cost is a t 

a minimum or the incremental cost of additional protection measures 

just equals the incremental damage reduction. 

The use of such a benefit cost approach is justified 

"where it is important to take a long view, (in the sense of looking 

a t repercussions in the further, a s wel l as the nearer, future) and 

a wide view (in the sense of alloYtlng for side effects of many kinds, 

on many persons, industries, regions, etc.), that is, it implies 

the enumeration and evaluation of all t he r el evant costs and 

benefits". (Prest and Turvey, 1965) 



CHhPI'ER 5 

THE LCJviER i'iil .. Nli.ll.h.TU FLOOD CONl'ROL SCHEME DESIGN 

'rhe actual flood control scheme had three major aims: 

(a) To prevent flooding of as much l arul as possible . 

(b) To stabilise the river in a permanent channel. 

(c) To r educe maintenance t o a minimum. 

The following additional f actors wer e also considered. 

(a) The "regime" condition of the river should be 

maintained as far as possible. 

(b) Stopbank levels should be kept as low as possible . 

(c) Disturbance of existing farming and settlement 

should be avoided as far as possible. 
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i. . 

(d) Cost must be kept in mind throughout . (Evans 1964, 

p 412). 

The scheme consisted of stopbanking the Mana.watu River 

from the sea to the Gorge, except in a few places, where the area 

flooded was not sufficient to warrant it. The Oroua Iliver was also 

stopbanked for 29 km from its junction with the Ma.nawatu River, 

giving a capacity designed to carry a maximum of 25,000 cusecs, 

when the Manawatu River was not in full flood. Other tributaries 

to be stopbanked were the Tokomaru, (designed to carry 5,000 

cusecs when the Manawatu River was at a level of 7.6 metres at 

Shannon Bridge), and the Ma.ngaone which was designed so as to 
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give complete protection on the Palmerston North si de and a 25 year 

protection on the South ·,{est s i de. The Kawau Stream W"cJ.s also 

stopbanked. 

The stopbanks on t he Manawatu River> wr.ich involved the 

major 1rork> was designed to give : 

(a) One metre freeboc..rd a long tht: portion which could f l oocl 

Palmer s ton North, with D.. flow at 150 ,000 cusecs . 

(b) h f r eeboard of 0.75 metres along t he porti on 

upstream of the area from Po.lmerston North to the 

Gorge , except for an area 0. 25 metres louer , l eading 

to a ponding area described b el ow. 

(c) A 0. 75 metre freeboard for the r emai ning portion f rom 

Palmers t on North t o the Sea, vrhen the flou was a t 

150 ,000 cusecs . 

A s i gnifi cant feature of t he scheme was the provi sion of 

emergency spillways and ponuing areas desi gned so as to keep the 

flow within the stopbanks . Spillways wer e provided on both the 

Manawatu and Oroua Rivers . On the Oroua River spillways ;,7ere 

provided 5 km above the junction with the Manawutu River and were 

desi gned t o come into effect if the flow in t he Oroua exceeded 

25 ,000 cusecs . The other spillway located near the start of the 

stopbanks wa.s designed to come into operation if the combined 

flows in the Manawa.tu and Oroua Rivers exceeded 150,000 cusecs. 

These spillways wer e desi gned so as to dis charge flows into 

ponding areas i n the l owest part of the Taonui Basin by a direct 

restricted channel. The s torage here would t ake 19i hours to 



128. 

fill up to the 10,5 metre level and the likelihood of a flow 

requiring a storage greater than this was considered by the Catchment 

Boc:ird to be extremely remote. (Evans 1964). Th8 ot her area of 

spillways was loca ted inunedis.tely above Pa lmerst on North arui were 

designed to c ome into effect when the flow in the Manawatu River 

reached 165,000 cusecs. This ponding area was capable of holding 

the excess flow that VfOuld occur in a maximum flood s and even after 

it filled a f low of 185,000 cusecs (500 y ear Return Period) should 

pass Palmerston North with between 0.2 and 0.3 metres of freeboard. 

ll.dvantage was taken of the lthirakino Cut which was me.de 

in 1942 and shortened the river course by 9 km enabling the River 

from YiliirOkino to the Sea to carry 150,000 cusecs . It was proposed 

for 35,000 cusecs to flow through the old loop past Foxton and the 

rest along the ltbirikino Cut. The loop area hov:ever, has since 

silted up anJ the only water in the old loop today is tidal. 

The River from the upper en:i of the Moutoa or ·Nalls spillway to 

Whirikino was able to carry only 65,000 cusecs before the scheme. 

To enable a f'lovr of 150,000 cusecs to be carried a floodvray across 

from iialls spillvro..y to -ithirikino was built. This floodway was about 

10 kilometres long and bounded on each side by stopbanks 5 metres high. 

l>. set of sluice gates were constructed at \lalls spillway to control 

the flow of water through the channel. In time of flood, the flow 

in the original river channel was to be restricted to 45,000 

cusecs and the rest of the flow was to be diverted through the 

floodway. No water would be passed through the floodway until 

the flow reached 45,000 cusecs so it v.ould be possible to use this 
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land for grazing, and so recoup some of the expenditure, involved 

in the construction costs . 

1.rhere are at least 70 culverts under the stopblrnks, and 

a number of existing sluice gates were modified f or t he new bank 

heights . There were also two weirs built in the Opiki area. The 

culverts vary frora 2 to 3 metres in diameter and have sluice gates 

that shut automatically when the river rises. 

A nllr.lber of factors considered in the design were; 

1. It was believed that it would be advisable to keep 

bank levels as low as possible because of the danger to floodplain 

occupants, if the banks were overtopped. The height of stopbanks 

were determined from calculated levels for a flow of 150,000 cusecs. 

The calculation of flows in the area frora the s ea t o the Oroua River 

mouth were based on cross-sections taken at 0.4 kilometre intervals. 

For the remainder of the Man.awatu River, a trial and error basis was 

used to determine the average cross sectional properties, and an 

average gradient vras then used to estimate the flow when full flood 

conditions existed. 

2. The Soil Mechanics Branch of the Department of 

Scientific and Industrial Research tested soil available for stopbank 

construction, so that dimensions could be designed to give a minimtmi 

cost. A top width of 0.7 metres and side slopes of 1 in 20 with 

a slope angle of 1 in 4 on the larrl side where stopbank height 

exceeded 12.5 metres were used. These dimensions ·were greater 

than those used in the district in previous years, but it was 

considered such high banks needed to be conservatively designed 
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and a reasonable factor of safety should be included. 

3. The location of stopbanks were so placed as to allow 

sufficient berm width to take maximum flood, without raising the 

flood l evel to an undue height. The banks were only located after 

levels were taken and a detailed survey carried out. The spacing 

of the stopbanks basically follow~d the findings of Grant who 

analysed the effects of varying distances between stopbanks and 

their height on the amount of l and flooded, and the cost of 

construction. Grant concluded that a distance of 0. 6 kilometres 

between banks to be the most economic. This would give a depth of 

2 to 3 metres in lower reaches, and it was thought that the effect 

on channel velocities would be small and the river should adjust to 

the new conditions without too much deepening and widening . 

4- . Cutoffs were kept t o a mini mum because bank erosion 

was already a serious problem. They were used only where it was 

possible to elim:inate one or more severe bends which would be 

difficult to maintain, as cutoffs shorten the course of the river 

and result in increased velocities and greater bank er osion. 

5. The Moutoa floodway was designed to carry floodwaters 

between its s topba.nks . This l and was to be kept grassed but short 

to a l low for maximum flow with the minimum damage and s ilting up. 

The floodway was to be kept to a width of 610 metres as far as 

possible . The floodway colllllenced about Hamiltons Line and 

continued along the general line of the river to Walls spillway, 

where it left the river and rejoined it at Whirikino. 
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6. With extensive us e of s topbanks, it was essenti a l that 

the river be stabilised in a s permanent a course as possible . 

Consequently, bank protection work was very important . rill bad 

bends were protected with rock to prevent erosion. On less severe 

b anks, poplars a nd. willows and other suitabl e growth was 

established. From the Gorge t o Longburn bridge, velocities are 

swift, up to 3 metres per second, and large r ocks v-rer e required 

for bank protection. Below this point , veloci t ies are much l ess 

and therefor e such lnrge r ock i s not required. Rock protection 

consists of lining the ba nk with a continuous cover of rock from the 

bed of the river t o berm level. Before placing rock on banks , the 

b ank must be battered to a suitable slope. 'rhe exact slope and 

method of p l acing rock on the bank was deperulent upon local 

circumsta nces . 

7. I t wa5 considered desirable to avoi d disruption of 

existing settlement and farming as far as possible , and consequently 

scheme follov-md existing banks where poss ible with minimum effect 

on present l and use , and only four houses required removal . 
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CHAPl'ER 6 

'l'HE EFFECT QF THE FLOODPLAIN Mi@iGERS I HAZARD PERCEP'l'ION ON ADJUS'.r-
I 

MENTS ADOPl'ED 

A. INTROIXJCTION 

The discussion of the Manawa.tu Catchment Board's decision 

making process in earlier chapters, revealed that a ru.unber of factors 

considered to be important in the appraisal of a flood scheme were not 

fully examined. This would appear to be the case in terms of: 

1. the absence of any investigation of the floodplain 

managers' perception of the hazard ~ and the relation-

ship between this hazard perception and l and use and, 

2. the absence of any consideration of the potential 

environmental effects of the scheme. 

Whilst the very existence of the Lower Manawa.tu Flood 

Control Scheme would negate in part arzy E,Ost hoc evaluation that 

merely indicated that according to some criterion, or for this or 

that reason, the scheme should not have been undertaken, an examinat-

ion of the scheme may elucidate factors of general application for 

consideration in the formulating of protection projects for 

other areas . 

The focusaingof attention on the varying role of 

perception in the adjustment decision was stimulated by United 

States research which indicated that differen:t groups perceive the 
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existence or severity of the same hazard event in different W83S and 

that it is the flood plain managers ' perception of the flood hazard 

rather than the technical experts hazard perception that most 

significantly influences post-scheme land use . 'fhe major variation 

in perception was that between the technical expert and the flood 

plain manager, but variation in hazard perception among users of the 

same resource has also been observed (Burton and Kates , 1946) . This 

knowledge when coupled with the observation that post scheme land 

use changes have not eventuated as predicted by the Catchment Board 

in their pre-scheme evaluation, suggested that an appraisal and 

comparison of the floodplain managers ' and the Catchment Board ' s 

hazard perception could produce significant insights into understand­

ing the nature of responses made by floodpl ain managers to the flood 

hazard and to flood protection schemes . 

It is considered that the difference in the perception of 

the flood hazard held by the technical expert and that held by the 

r esource user is the major reason for the difference between post 

scheme land use changes that have taken place and those the Catchment 

Boa.rd considered would occur. If' this premise i s correct then it 

follows that by identifying those factors that influence the farmers 

perception of the flood hazard and consequent la.ni use, a more 

accurate estimate of the floodplain managers response to the 

provision of flood protection measures could be made. 

Such claims have important implications for the decision 

making process in that it is suggested that increased precision in 

the prediction of post scheme land use changes could r esult from 
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the inclusion of the resource users hazard perception in the adjust­

ment decision and the identification of the relationship between this 

p erception and land use. 

The Catchment Boards' perception of the flood hazard and 

views on post scheme larrl use changes have been outlined in earlier 

chapt ers . The floodpl ain managers ' perception of the flood hazar d 

has never been sought . Thus what might be considered the most 

important factor in determining the viability of a protection scheme 

was omitted from consideration in the decision making process. 

I t i s proposed to examine the rural f l oodpl ain managers' 

perceptions of the flood hazard in the l ower Manavra..tu region as an 

illustr ation of the potential importance of this hazard perception 

to the planning of flood protection schemes . 

The discussion of the importance of environmental 

consideratiora will follow the perception stucy. In this wey the 

effect of two major deficiencies in the Catchment i3oards decision 

making process can be illustrated. 

B. SAMPI:E FRAME DESIGN 

The large number of farms in the area affected by the flood 

control scheme (over 1700 farms) necessitated some form of sampling 

for stucy purposes . A te_n . percent random sampl e of fa.I'IM over 

eig}E hectares in size was made . The impact of the flood hazard and 

the flood control scheme were not evenly distributed over the study 

area. To make allowance for this and to ensure all such areas were 

included in the sample a atratif'ied random s ample was made. EaQh 
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area was proportionately represented in the saq>le in order to 

e l iminate bet ween s trata variation. 

The_Qhoice of Stratification Factors 

Gr eater precis ion i s obtained if a combination of 

stratification factors are used. The formation of str at a can be done 

subjective ly (Moser and Kalton 1971 , p 168) as it i s not the method 

of sel ecting strata , but the random sampling within str a ta that 

guarantees again.st selection bias. In designing the sampl e frame 

it was considered necessar.r t o en.sure that : 

1. the stratification f actors were as close ly related 

to the subj ect as possibl e, as no gain in precision 

would be obtained by str at i fying factors unrel ated 

to the survey subject. 

2 . Strata were arranged so they differed as widely as 

possibl e from one another, and the population of each 

str ata was as homogenous as possibl e . 

In this study a number of factors could have been used for 

str atification purposes . These included; flood frequency areas, 

drainage board areas, scheme rating areas , le.nd use capability 

areas , land use types, soil types and county boundaries. 

Of these alternatives , l and use capability areas were 

rejected because of the non-availability of such data for the 

region and the skills and amount of time needed for such an 

analysis were beyond the s cope of this study. County boundaries 

which were used in a previous stua_r (McNeil Adams, 1968) were 
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r ejected because it was felt these were political or administrative 

boundaries that were unrelated to either the flood hazard or to l arrl 

use . Land use types and soil types were cons i dered but were rejected 

in favour of F .F.A.' s and D. B.A.' s , as i t was bel ieved these t wo 

factors reflected the differ ential f lood impact more accurately. 

F.F.A.' s represented the theoretical liability of f1.ooding in the 

past and it was consider ed that post scheme changes would vary 

differentially by such areas . Drainage Board areas were sel ected 

because of the importance of drainage facilities to the improvement 

of fann output and to the level of development of farm lands, and the 

fact that different boards displayed varying degrees of competence and 

activity. The distribution of F.F .A. 's and drainage board areas 

i s ~hown in fig 6. 1. 

Method of Drawing the Proportional Stratified Random Sample 

The basic observational unit then was the farm with a t wo 

factor stratification based on drainage board areas and flood 

frequency areas . The term ' stratum' as used below is thus a 

unique combination of a drainage board area and f1.ood f requency area.. 

The boundaries of these str atum were determined frcxn an examination 

of; 

1. A Manawa.tu Catchment Board map of flood frequency 

areas showing areas of 0-11 months, 1-4 yea.rs, 

5-19 years, 20-100 years flood frequency areas, and 

an area designated as receiving indirect benefits 

from the s cheme. These bounlaries are shown in 
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fig 6.1. Scale one inch to one mile. 

2. A Nianawatu Catchment Board map showing 'drainage 

board area' boundaries (fig 6.1). Scale one inch 

to one mile. 

The term drainage board area as used in this text refers 

to the Himatangi Drainage District, the Sluggish River Drainage 

District, the Oroua Drainage Board District, the Manawatu Drainage 

Board District, the Makerua Drainage Board District, the Buckley 

Drainage District, the Moutoa Drainage Board District, the Whirokino 

_Drainage District and the Bainesse Drainage District. 

3. Valuation Department Plans showing the boundaries and 

location of valtlll.tion roll numbers and plot numbers. 

Scale one inch to twenty chain. 

4. A Manawatu Catchment Board list of farms, by 

valuation roll numbers that were rated for the scheme. 

Without the possibility Gf validation existing it was 

necessary to accept that all of the above infonna.tion was accurately 

recorded by the various governmental departments. 

In order to identify which stratum each farm unit lay in, 

it was necessary to photographically reduce the Valuation Plans 

from a scale of one inch to twenty chains to one inch to one mile 

so that an overlay of F.F.A. 's am D.B.A. 's could be made. The 

resulting overlay is shown in fig 6.1. From this overlay the 

total area of each stratum was calculated using a planimeter, and 

the number of farms in each strattUn was calculated by visual 

observation. 
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Although 'f'ew 'f'arms lay completely within any one flood 

f'requency area , each f'arm was a ssigned t o th."tt f'lood frequency ar ea 

in which the greates t ar ea of each farm l ay. Farms were then 

selected from each stratum using a set of random number tables . A 

ten percent sample of farmers was ma.do within each str a tum in order 

t o take eccount of tho varying f arm sizes over the scheme a r ea . A 

t ot al of 187 f armers wer e sampled and o'f' tbosc 168 responded , 

The distribution of these 'f'arms by strat um and the Areas involved 

is shown in Table XIV . 

The inquiry was initially a postal questionnair e . Dat a 

was gathered on farm production :i.nd expenditure in pre and poet 

scheme years with er::phasis on determining the f armers perception 

of the flood hazar d and the effect of t he Lower Me..na\1atu Flood Control 

Scheme on farm production and activity . Tho survey nas conducted in 

five differ ent f l ood f r equency areas and nine drainage board areas 

a s well as areas t hat l ay outside of a drainage boo.rd area but within 

t he area the Catchment Board designat ed as being ai'f ected by the 

scheme . All member s of the sample wer e potential 'f'lood victims or 

should have gained b enefits from the Lower Manawa tu Flood Control 

Scheme , as defined by the Catchment Board . Some had experienced bad 

floods in tho past whil e others had little or no flood experi ence. 

The post a l quest ionnaire as shown in Appendix A was 

distributed but only a t wenty percent response was obtained, and 

consequently follow up f'ield interviews were necessary i n which 

farmers were asked t o elaborate on t heir perception of the hazard in 

the field interview. The data on f arm pr oduction and expenditure was 

gathered wit h the intention of comparing trends and changes in this 

area with 
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TABLE XIV - DISTRIBUTION OF SAMPLE FARMS: HECTARES AND 
NUMBER OF FARM UNITS 

T Flood Frequency Area I I Drainage Boar d 0-11 1-4 5-19 20-1 00 Indirect Area months years years years Benefit 

Manawa tu 294 (9) 189 (7) 240 (8) 241 (8) 521 (25) 

Ma.kerua 102 (3) 714 (22) 13 ( 1) 

Moutoa 28 (1) 24 ( 1) 74 (3) 72 (3) 54 (2) 
Bainesse 30 ( 1 ) 

Sluggish River 10 ( 1) 28 ( 1 ) 271 (9) 100 (4) 

Whirokino 26 ( 1 ) 
Buckl ey 148 (5) 72 (3) 176 (5) 
Himatangi 56 (2) 

Oroun (2) 

Above P . N. 26 ( 1) 20 ( 1 ) 48 (2) 26 (2) 36 ( 1 ) 

Outisde D. B.A. 8 ( 1) 15 ( 1) 15 ( 1) 46 (1) 375 (30) 

(Number of farms in br ackets ) Source : Field Survey 



tho farmers hazard perception. Few farmers were either able or 

prepared to give inforrmtion on this so it was not possible to 

extend this line of inquiry. 

The major objectives of the perception study were 
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1. to identify and compare the farmers' and the Catchment 

Boards 1 . hazard perception and 

2. to test for any variat ion in the perception of the hazard 

among floodplain managers and if any variation was found 

to exist then to attempt to accour.t for the variation by 

identifying those factors that influenced the farmers' 

perception. 

C. THE CATCHME:m' BOARDS' HAZARD PERCEPTION 

The Catchment Boards' perception of the flood hazard was 

taken as being the flood frequency areas outlined in Chapter Two. 

The Catchment Boards' hazard perception was based almost entirely on 

the estllna.ted probability of river flooding. Apart from brief reference 

to some 141~ hectares located on the periphery of the scheme area 

there was no reference to the problem of local flooding caused by 

impeded drainage. 

D. THE FLOODPLAlli MANAGERS·' HAZARD PERCEPTION 

The farmers' hazard perception was determined by asking 

those farmers at present in the floodplain to identify; 

a) the area of their farm they considered was flooded in 

pre and post scheme years. 
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b) the l ength of time they thought production was 

disrupted in pre- and post-scheme years b ecause of 

flooding. 

c) any changes in production (type and intensity) made 

possible by the flood scheme. 

Pilot intervi~ws with farmers revealed that a positive 

dis tinction was made between river flooding and local flooding and 

that these t...-m f orms of flooding had a varying spatial impact over 

the region. Consequently the fanners perception of river flooding 

and local flooding were sought, although attention was focussed 

upon river flooding as the Catchment Board paid littl e attention to 

local flooding. 

1 • Farmers ' perception of river flood:h£g 

Considerable variation in the perception of the flood 

hazard was found to exist amongst those farmers interviewed, as can 

be seen in Table XV. Sixty-five percent of t hose interviewed 

believed their farms were in such a position as to never have been 

threatened by flood waters. Of those who considered flooding to 

have been a problem, or potential problem, 49 percent could not 

place a teII:!f>oral span on the occurence of such events. These farmers 

expressed their hazard perception with statements such as "this farm 

was nooded - every time the river rose; only in major floods; 

occasionally II 
••• Those farmers who placed a temporal span on the 

occurence of Uooding considered such events occurred at least 

once in every five years. These observations implied that where 

flooding was more frequent the floodplain manager was more able 
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to identify the hazard event and the possibility of its occurence 

than i n areas of l ow hazard intensity where the i dent i fication of 

the flood event was not as positive . 

2 . t_armers ' perception of local f l ooding 

Farmers in all flood frequency areas reported local 

f l ooding to be a disruptive factor in farm production. The 

perceived severity of the problem as shown in Table XV indicated the 

problem was considered to be most severe by those located in the 

high hazard frequency areas . The impact on farm production varied 

over the scheme area depending upon the duration, depth and extent 

of inundation (absolute area and per centage area of an individual 

farm ·i nundated) as well as the nature of land use and the time of 

year of the occurenc~ of the flood event. For example, the greater 

the i :mndation - other things being equal - then the greater the 

damage caused. Damage would vary however depending upon the time of 

year at which i .:undation occurred. The regeneration of grass growth 

is much faster when warm weather conditions fol low inundation, but 

high summer temperatures may cause rotting of the pasture. In a 

simil ar manner l ength of pasture at time of L 1und.ation affects 

later growth with long grass creating adverse open pastoral 

conditi ons later. Farmers were more able to identify the occurr ence 

of l ocal f l ooding than river flooding. This was possibly because 

local flooding was experienced more often than river flooding, with 

every farmer being affected at l east once i n every five years . 



TABLE XV - F AITT.IBRS PERCEPTiON Oi RIVER FLOODING AND LOCAL FLOODING 

--
I l FARMERS PERCEPI'ION OF RIVER FLOODING 

1 
FARMERS PERCEPTION OF LOCAL FLOODING 

floods at floods floods occasfr,n- never f never never fl oods serious 
least every only in ally floods floods fl oods reason- flood 
once a 1 - 5 major floods ! be.dly ably area 
year years fl oods i badly t 

0 - 11 months /(13)100)& ( 9) 6Cf/o (4) 31% 

1 - 4 years (5) 36% (7) 50)& (2) 14%1 (2) 7% (13) 93% 

5 - 20 years (2) 11 % ( 1 ) 5% (10) 53% (5) 26% ( 1) 5% (13) 6Cf/o (6) 31% 

20-100 years I (5) 11% (3) 7fo (40) 83% (30) 63% ( 18 ) 37% 

Indirect I Benefit area (3) 4% (3) 4% (68) 9C1/o (71) 96% (3) 4% I 
I 

i . ":. ..,....,... . ~ ... -
(8) (18) 11% ( 11 ) 

I 
(25) 15% Total ;(20) 12% 5% 7% (111) 65f{i {111) 65% (28) 18% (4) 2% 

' 
(Number of ~arms in brackets) Source: Field Survey 

.... 
f 
• 
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E. A co~r.P.ARIS ON OF THE FLOODPLAIN MANAGERS f AND THE CAT.CHMEN.l' BO.ARDS f 

HAZARD PERCEFTION (River Flooding) 

The most obvious difference between the fl oodplain 

managers' and the Catchment Boards' hazard perception was the 

different means of expressing hazard perception. The Catchment 

Bonrd perception was a quantitative expression of the theoretical 

likelihood of occurence of flows of certain magnitudes and. areas 

that would be inundated by such flows (flood frequency areas). 

The farmers' hazard perception 1s included both qualitative 

expression's and quantitative expressions of the likelihood of 

flooding. 

A second area of difference was that the Catchment Board 

focussed little attention on the problem of local flooding whereas 

the farmer considered this to be of considerable importance. The 

fact that the Catchment Board did not consider the impact of local 

flooding for all of the scheme area necessitated restricting the 

comparison of the farmers' and Catchment Board's hazard perception 

to river flooding. 

If the perception of the hazard of river flooding by the 

farmers and the Catchment Board were the same, it would follow 

that all farmers in the same flood frequency area would have the 

same hazard perception and that this perception would be the same 

as that held by the Catchment Board. 

The distribution of farners ~rception of the likelihood 

of flooding within ea.ch of the flood frequency areas identified by the 

Catchment Board is illustrated in Table XV.~ 
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It is apparent that in all flood frequency areas except 

f or the 0 - 11 months flood frequency ar ea there was more than one 

hazard perception expressed by farrier s' suggesting t hat the f ermers' 

hazard perception was differdent t o the Catchment Board hazard 

perception . A number of f actors may be r esponsible f or this . 

1 . the flood f r equency boundaries may not be accurate, 

2. the f armer s ' hazard perception is di:f'fer ent t o that of 

the Catchment Board, 

3. t hose who experience the same hazar d intensity perceive 

the severity of t he probl em in different ways . 

Accepting t hat the fl ood f requency boundaries are accurate, 

an investigat i on of the second and third conclusions can be rm. de . In 

order t o furth er compare the farmers' and Cat chment Board' s hazard 

perception , a number of assumptions as t o the meanings of the 

qualitative descriptions given by farmers YY0re made . In accordance 

vlith this, it was assumed that the farmers ' perception d~scription of: 

1. ' a major flood ' corresponded with the Catchment Board' s 

20 - 100 year flood frequency a r ea. 

2. ' occasionally floods' corresponded with the Catchment 

Board's 5 - 19 year flood frequency area. 

3. ' never f'l oods' corresponded with the Catchment Board ' s 

area designated as r eceiving indirect benefits . 

The distribution of perception with these assumptions is 

shown in Table XVI . 
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TABLE XVI - FARMERS ' PERCEPTION OF RIVER FLOODII'G 
(Assumption Set Number One) 

5 - 19 years 

20- 100 years 

Benefit a r ea 

(2) 11% (1) 5% 

(2) 14% 

(5) 26% I (10) 53% (1) 5% 

(3) 7% (5) 1CJlfa (40) ·83% 

(3) 4% (3) li% (68) 92% 
Indirect l. 

·~-~~ ~~~~~-· ~~--~~~~~~~~~~~ 



The greatest agreement between f~rmers' and Catchment 

Board bazard perception occurred in the 0 - 11 month flood frequency 

area where there ~as complete agreement in hazard perception and in 

the area designated a s receiving indirect benefits where ninety-two 

percent of farmers held the same hazard perception a s the Catchment 

Board. This would appear to suggest that where the temporal spacing 

is well defined, the farmers' perception of the hazard is also 

clearly defined, but where the spacing is in an area of intermediate 

frequency, tha t perception becomes distorted and open to varying 

interpret ations. 

A second set of assumptions was made so that an alternative 

set of data could be obtained with which the above calculations and 

conclusions could be compared. The two qualitative descriptions 

("floods in time of major flood" and "occasionally floods") were 

combined for each flood frequency area, but it was considered that 

the terms could not be interchangeable between flood frequency areas. 

The qualitative descriptions were therefore assigned the quantitative 

value of the flood frequency area they fell within. A similar 

distribution to that obtained under the first set of assumptions was 

obtained, as shown in Table XVII. 



TABLE XVII - F .ARMERS 1 PERCEFTION OF RIVER FLOODING 
(i\ssumption Set Nu~riqer Two) 
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.F.A. -11 months 1-4 years 5-19 years 20-1 00 years Indirect 
benefit 

-11 months 

-4 years 

-1 9 years 

0-100 year 

direct 
benefit 
area 

( 13) 1 OO-ib 

(5) 36/v 

(2) 11/li 

(7) 50-tS 

' (1 ) 5t0 ~ (15 ) 79/6 
: 

i 

area 

(2) 11.W~· 

I (1 ) 5/o 

I 
f (8 ) 1(i0 (4.o) 83'/.i 
I 
~ 

I 

i (6 ) 8/v (66 9~o 

I 
(Number of farms in brackets) Source: Field Survey· 

The major difference obtained under these second set of assmnptions 

was an increase in the agreement between the farmers and Catchment 

Board's perception in the 5-19 year and 20-100 year flood frequency 

areas. The distribution remained unaltered in the 0-11 month and 

1-4 year flood frequency areas. 

Both sets of data revealed the greatest similarity of 

perception in the areas of highest flood Trequency and the area 

designated as receiving indirect benefits, although the second 

set of assumptions showed a far greater agreement in hazard 

perception in the 5-19 year flood frequency than did the first 

set of assumptions. 

It was considered that the second set of assuraptions 

(that is those held for Table XVII) were the more realistic. 
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Based on the distribution of perception obtained under this set of 

assumptions it appeared as though the majority of farmers (sixty-five 

percent) held the same perceptlon of hazard occurrenceas the 

Catchment Board. An examination of the fanners overestimation and 

uruierestimation of the flood hazard is shovm in Table XVIII. The 

Ca tchment Board's hazard perception was used as the basis for these 

calculations. Of those farmers whose perception was different to 

the Catchment Board, seventy five percent underes timated the flood 

hazard and only twenty five percent overestimated the hazard. 

There are two poss ible reasons for underestimating the 

flood hazard. These are: 

1. believing there is no flood hazard, or 

2. believing the temporal spacing between flood events to 

be greater than the Catchment Board considered them 

to be. 

In all cases in this study, those who underestimated the 

hazard considered their fann to never have been threatened by river 

flooding. 

Of the f ourty three farmers who underestimated the flood 

hazard, forty were located in the 20-100 year flood frequency area 

and believed river flooding to never have been a problem. These 

farmers represented niretythree percent of those who underestimated 

the flood hazard. 

Those farmers who overestimated the flood hazard were 

located in the 1-4 and 5-19 year flood frequency areas and the 

area designated as receiving indirect benefits. Those in the 
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1-4 and 5-19 yeax flood frequency areas considered flooding to occur 

at least once in every 4 years while those i n the area of indirect 

benefits considered flooding to occur ever y 20 to 100 years . 

TABLE XVIII 

FARMERS OVERGSTTI'lili.TION Ml) UNDERESTIMhTION OF 'l'HE 

RIVER FLOOD HAZhRD 

i 
Catctunent Board Farmers Hazard Perception 

Perception 
(F.F .A.) Sarne as 

Catchment Underestimated Overes timated 
Board 
Perception 

0-11 months (13) 100/ii 

1-4 years (7) 50/o (2) 14i{ (5) 36~ 

5-1 9 years ( 15) 79"/'v ( 1) 51~ (3) 16/~ 

20-1 00 years ( 8) 1 71~ (40) 8_3'-/o 

IA.rea of indirect 
b enefit IC 68) 

! 
92/$ 

I 
(6) BJ 

(Number of' f'arms in brackets) Source: Field Survey 

F. VARIATION IN PERCEPTION AMONG FARMEltS 

Considerable variation in hazard perception among the 

resource users was revealed in the course of the study. Seventeen 

percent of those interviewed considered river flooding would have 

affected their land at least once in every five years, while 

eighteen percent thoughtthe land would have been flooded 
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occasionally or in every major flood and s i xty- five percent thought 

there was no flood hazard. (Table XV) . 

This variati on is of considerable importance in attempting 

to compare the farmers' and Catchment Board ' s perception and 

understl:irld post scheme l and use changes that have occurred. A 

consider able amount of t he variation can probabl y be expl ained by 

the differ ential spatial impact of the f l ood events themselves . 

Farrrers ' perception cannot however , be explained sol ely in terms of 

the magnitude and frequency of flood event s . In addition to the 

damage potential or damages experienced in the past, variation could 

also arise from definitions used t o describe f l ood events, time 

periods used for descriptions , methods of computation used arrl the 

accuracy and compl eteness of reporting on the part of the farmer . 

Possible variations in i ndividual pers0nalities of the farmers , 

particularly their outlook towards nature, attitude towards fate and 

individua l tol erance of particular situations or events, would 

influence hazard perception. 

The qualitative expressi ons of perception used by s ome 

farmers indicated in Tabl e XV are not mutually exclusive. These 

different expressions of perception may simply reflect a different 

choice of wor ds to describe the same hazard perception. 

Nevertheless, i twasthought t hat by incorporating the assumptions 

ma.de for Table XVII an examination of the effect of various factors 

on the farmers ' hazard perception could be made. 

It is beyond the scope of this paper to examine the 

effect of farmers' personality attributes on their hazard perception. 
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Instead, it is proposed to examine the effect of past flood 

experience, amount of land in the floodplain and effect of flooding 

from different sources on the farmers 1 hazard perception and farmers 

attitude tovvards the scheme, as it is considered that these are the 

most important physical determinants of perception. 

1. Effect of past flood experience on hazard perception 

Burton ( 1 962) believed the floodplain managers' hazard 

perception was influenced by his past flood experience, particularly 

the recency of the last flood event and the damages suffered. 

In order to determine if this situation held true for the 

study area it ~as first necessary to i dentify the individuals flood 

experience as it was not possible to use flood frequency areas as the 

basis for identifying t he flood experience of different farms and 

farmers because, 

(i) individuals had been in the area for varying time 

periods and consequently two individuals on land 

with the 'same' hazard intensity would have 

different flood experiences and, 

(ii) flood frequency areas represent the area that would 

theoretically be flooded by different flows. It 

is possible that different parts of the same flood 

frequency area have been affected differently in 

the past. 

Problems in identifying the flood experience of various 

areas arose because of absence of records of areas floo4ed other 

than in 1953 and there are no records of losses suffered in floods. 
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The farmers flood experience therefore had to be determined from the 

field interviews. 

It vra.s decided to include flood experiences that an 

individual had experienced in other areas, and in the scheme area 

at a time when the individual was not responsible for his property 

as when he was a son or daughter of a farmer affected by flooding. 

levels: 

The individuals past flood experience was scored on three 

(i) no experience 

(ii) minor experience - not flooded very often or 

little damage caused 

(iii) major experience - experienced major damage or 

regular flooding. 

The flood f requenc-y area in which the farm unit being 

observed was located, was ta.ken into consideration due to the 

varying hazard intensity over the study area. In this way it was 

possible to note what ha zard intensity was being commented upon by 

fanners, and the effect of past flood experience on the same flood 

event could be examined. 

(a) Effect of past flood experience on perception 

of River Flooding 

The farmers perception of river flooding as 

shown in Table XIX indicated in all but the 0-11 months flood 

frequency area there was some variation in perception between 

those with different flood experiences, particularly between those 
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with no flood experience and those with ma jor or minor flood 

experience . 

TABLE XIX - FARMERS PERCEPTION OF FLOODING BY PAST FLOOD 
EXPERIENCE 

I Farmers l Catchment Farmers Hazard Perception 
Board Flood 
Hazard Exp er- fl oods at floods flood in floods 
Perception i cnce least once every time of occasion-
(F . F .A.) a year 1 - 5 ma j or ally 

years flooding 

0 - 11 ma jor (7~ 10CJ% 
months ninor ( 4- 100% 

none (2) 100% 

1 - 4- r.:iajor (3) 4-Jlfo (4-~ 57% 
years minor (2) 4I$ (3 60% 

none 

5 - 19 major ( 1 ) 20% ( 1 ) 2(Jfo (2l 40% ( 1 ~ 20% 
years minor (6 601/i (4 4o% 

none ( 1 ) 25% (2 50}& 

20 - 100 ma jor (2~ 67% ( 1 ) 33% 
years ninor (3 60% (2) 4IY/o 

none 
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never 
floods 

(2) 10076 

( 1 ) 25% 

(40) 100}& 

Indirect oo. jor g~ 6% (3) cyfa gn 85% 
benefit minor 5% 95% 
area none (20) 100}& 

(Number of farms in brackets) Source: Field Survey 

All those in t he 0 - 11 months flood frequency area 

expressed the same hazard perception r egardless of hazard experience . 

This suggests that where the hazard has been severe in its impact, 

new-comers to the area quickly take on the perception a ttitudes of 

others in that area. 
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In the other flood frequency areas there wa s little 

variation in perception between those with ma jor and minor flood 

experience. This wa s particularly so in the 1 - 4 year and 20 - 100 

year f'lood frequency area s and area s designat ed as receiving indirect 

benefits. In the 5 - 19 year flood freQuency areas, tho extent of 

agreement was not as great a s there was a considerabl e range of 

perception expressions reported. If the qualitative expressions 

of perception in the 5 - 19 year fl ood frequency area are combined 

then the same similarity in the ha zard perceptions between those 

with ma jor fl ood experience and those who had experienced only minor 

fl ooding - a s occurred in the 1 - 4 year and 20 - 100 year flood 

frequency areas - exists. 

The only group v1ho considered that their l and \7as not 

liable to flooding apart from those in t he area of indirect fl ood 

scheme benefit were those who had no experience of river fl ooding. 

This contrasts with some overseas studies which indica te that many 

people once flooded, believe they will never be flooded a gain, 

expressing such opinions a s "lightning~ never strikes twice in the 

same place", "we have had a one hundred year flood so we won't have 

one for another one hundred years", (Burton and Kates, 1964). 

This implies that the lower Manawatu floodplain occupant 

has a more realistic outlook towards the possibility of flooding 

than his overseas counterpart. Whether this is due to a higher 

standard of education in regard to the flood hazard by Catchment 

Board and Agriculture Department officials or simply to a greater 

contact with and understanding of the vagaries of nature than 
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others in similar situations elsewhere, is a matter for further study. 

In the area designated a s receiving indirect benefits all 

'experience groups' expressed a similar perception of river flooding, 

in believing their l and to never be liable to be flooded. Eight 

percent of the farmers in this group had however, experienced 

flooding of a major or minor nature, and it is notable that they 

believed their l and was still in a floodable position. This 

suggests that past experience of river flooding has influenced the 

individuals perception of the hazard. 

(b) Effect of past flood experie~ on attitude 

towards future river floodi~ 

All farmers interview·ed were aware of the Lower 

Manawa tu Flood Cont rol Scheme yet attitudes to"Wards ·che likelihood 

future flooding varied considerably , as can be seen in Tables XX 

and XXI. It appears that the· floodplain manager's attitude towards 

the likelihood of future flooding is related to his past flood 

experience, as those who had experienced major or minor flooding in 

the past were more pessimistic about the likelihood 0£ f'uture 

flooding than were those who had never experienced flooding. All 

of those who had never experienced flooding thought their land would 

never flood in the future. 

While this suggests that the floodplain managers 1 hazard 

perception is influenced by past hazard experience, it must be 

noted that the level or severity of that experience plays a minor 

role in attitude formation. That is, it is it appears as though 

it is the experiencing of a flOOd not the severity of impact that 



influences attitude towards future flooding. (Tables XX end XX.I) 

If one assumes that those in the 0-11 months and 

1-4 years flood frequency areas have experienced more frequent 

and regular inundation than those in the 5-19 years and 20-100 years 

flood frequency areas then the distribution of attitudes towards 

future flooding suggests that past experience of flooding be it 

major or minor, is moderated by the frequency of past flood 

experience. 

TABLE XX 

EFFECT OF FLOOD EXPERIENCE ON FARMERS AT'rrrunES 

TO'rYlillffi FUTURE FLOODING 

Farmers flood Farmers attitude towards future 
experience flooding 

optimistic pessimistic neutral 

major (8) 361~ ( 14) w~ 

minor ( 10) 41/~ ( 12) 50)~> (2) 91& 
-

none ( 121) 91X· ( 1) 1% 

(Number of farms in brackets) Source: Fio ld Survey 
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~T OF FLOOD EXP:lllUENCE AND F.ARM IJJCATIONJdll 

FJi.RMER .imITUDES TOWARDS FUTURE :F'LOODlliG 

F.F,.A., Farmers flood Fanners attitude towards 
experience flooding 

optimistic pessimistic 

0-11 major ( 1) 14/ (6) 86/-' 
months minor g~ 25~~ (3) 75/o 

none 100iv 

1-4 major (2l 29/; (5) 71/· 
years minor g 40A' (3 ) 601 

none 100-;u 
~ ~ 

5-19 major (2) 40i<l (3) 60';c 
years minor (2~ 20,A, (6) 6ot-

none (3 75i~ 

20-100 major (3~ 100/<J 
years minor (5 100/o 

none (40) 1oo;b 

indirect 
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future 

neutral 

(2) 20;: 
( 1 ) 25i-

major 
; benefit minor 
\ i area none (74) 1ooj;.i 

(Number of f arms in brackets) Source: Field Survey 

There was l ess optimism as to the possible occurran•a of' 

future flooding amongst those with past flood experience (major or 

minor) than those with no past flood experience in the 0-11 months, 

1-4 years ar:d 5-19 year flood frequency areas. In the 20-100 year 

flood frequency area and areas designated as receiving indirect 

benefits, past flood experience had no moderating effect as fil 

floodplain managers were optimistic that the flood hazard had been 
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eliminated • 

.A content analysis of reasons given to explain attitude 

towards future flooding (Table XXII) revealed that the majority of 

floodplain managers attributed their attitude to the fact that they 

believed their land was neve:r flooded in the past (seventy-two percent) . 

The other farmers who thought f l ooding would never occur in the future , 

attr ibuted this to 11it has happened once and therefore will not occur 

again" (four percent) . "The stop banks and flood scheme will 

provide protection" (seven percent) . Fifteen p ercent of those 

interviewed believed flooding could occur in the future, and 

attributed this attitude to "the banks could break" (eleven 

percent). Two percent of those interviewed exrr essed no definite 

attitude. 

TABLE XXII - - EXPLANATION FOR ATTITUDE TOW.ARDS FUTURE FLOODING 

Explanation for attitude 

never flooded i n past 

has ho.ppened once therefore wont occur 
o.gain 

flood scheme will prevent any flooding 

stopbanks could be overtopped 

stopbanks could break 

no reason for a ttitude expressed given 

Source: Fi eld Survey 
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2. Effect of amount of farm in floodpla;hQ on perception 

of River Flooding 

It is possible that farmers' perception of the flood 

hazard could be affected by the amount (both absolute and percentage) 

of the farm that la;y in the floodplain or was susceptible to flooding 

of a disruptive nature . 

In order to identify the effect varying areas of each 

farm lying in different flood frequency areas had on the floodplain 

managers ha zard pe rception the following considerations were made. 

Each farm vra.s assigned to a major ani a s econdary flood frequency 

area. The major flood frequency area was that in which the greatest 

area of the farm l ay) and the secondary flood f requency area was 

that area in which the second largest area of a farm la;y. Where two 

flood frequency areas were evenly represented a farm wa.s assigned to 

the higher of the two. For this section of the study the 0-11 

months and 1-4 year flood frequency areas were combined. Only the 

percentage area of land in each flood frequency area was considered. 

No account was taken of the variation in absolute area. 

The distribution of various perceptions by these F .F .A. . 

combinations as shown in Table XXIII indicated. a general trend of 

increasing severity from the low to high flood frequency areas . 

The most notable conclusion that can be drawn from Table 

XXIII is that the major flood frequency area has the greatest 

effect on the floodpl ain managers 1 perception. This is indicated 

by the per ceived greater severity of impact in the high flood 

frequency areas compared to the low flood frequency areas. 
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The sec ondary f l ood f r equency areas did have some 

moder ating effect on the floodplain mana.ger s ' hazard percepti on. 

This effect vras not discernib l e in the high hazard frequency areas . 

I n the 20-1 00 year F .F .~. and t he area designated as recei vi ng 

indirect benefi ts, the presence of smal l areas of more frequent 

inundati on resulted in the hazard being percei ved as a great er 

problem in areas where a high hazard frequency area was the 

secondary area of the farm than where t his secondary area was not 

present or wher e it vras a lower hazard frequency area. The small 

number of farms invol ved however makes such conclusions r a ther 

terruous. 

'r.kBLE xx.II I 

FiillMER3 HAZARD PEroEPI'ION BY M&JOR &"'ID SECONDJi.RY 

FLOODPLArn LOCATION 

Floodpl ain locati on Farmer s Hazard Perception I 
. 

Major F.F.A. Secondary F .1'' . A. flood flood at I f l ood i flood ! pever 

I every l east 

1 

occas- in f l ood , 
year every 5 i ona.1- ma jor ~ 

years ly floods I 
0-4 years (11 ~8~ (6) 34 ... (2) 10.)(. 

5-1 9 year 
(1·= 20-1 00 year (4 80/i ( 1) 20-fo 

indirect benefit 
area (2)oo) 

5-1 9 years 1-4 years ( 1) 33% (2~67A 
20-100 years (2)13'/ ( 1) 7/j (4) 2(p (8 53% 
indirect benefit 
area (1 ro;~ 

20-100 year 0-4 year 
5-1 9 year (2) 

(5 )56i;, 
6~ 

(4~~ 
(~:, 9iw:, 

indirect benefit 
area (1) 2S~ (7> )15f~ 

indirect 0-4 year ( 1 ) 111~· (a )89'f. 
benefit area 5-1 9 

.. .. 
20-100 ~~ ~ 5/~ (3 )15i~ ~) 

Zfu : 
(Number of farms in brackets) Source: Field Survev 

·i;1>· 
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It is not possible to draw any conclusions other than 

those noted above. One must consider the fact that the distributi on 

of perception may have been affected by the hazard experience of the 

floodplain manager as described in an earlier section. .bs this 

hazard experience could not be taken into consideration and because 

of the small sample rrumbers , there wasno way of accurately gauging 

the impact of the varying hazard pot entia l for different farms . 

3. Effect of flooding from different rivers on 

hazard Eerception. 

River flooding in the region was from a number of 

different sources . 'rhe major source of flooding was the M.a.n.a.watu 

and Oroua Rivers , but the Tokomaru River, \"thiskey Creek and Mangaone 

Stream as well as other tributaries also contributed to the flood 

hazard. 

Land in the Oroua arxl Sluggish River Drainage Board areas 

was subject to flooding from the Oroua River . Land in the 

Hi.ma tangi, Whirokino, Moutoa and Buckley Drainage Boards was 

f l ooded by the Manawa tu River. The Makerua Drainage Board area 

suffer ed the floodwaters of the Ma.nawatu and Tokomaru Rivers . The 

Bainesse Drainage Boe.rd l and was flooded by the Manawatu and Oroua 

Rivers whil e the Manawatu Drainage Board area was f l ooded by these 

two ri. vers as well as the Mangaone Stream and Wbiskey Creek. 

~ further compli cating factor was that each of the 

sources of f l ooding, inundated differ ent areas of the Drainage 

Board area ani that the severity ani frequency of flooding by the 
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various sources was also very different. It was these facts that 

prompted the examination of the differential effect of the various 

flood sources on perception. It was recognised that Drainage Board 

activity in these areas would also influence the farmers hazard 

perception. 

The following groupings of Drainage Board Areas was 

decided upon as these reflected the di fferent sources of f looding: 

(a) Oroua and Sluggish River 

(b) Hima.ta.ngi, Whirokino, Moutoa, biakerua and Buckley 

(c) Ba.iness e a.ni Mana.watu 

(d) areas that lay outside a Drainage Board area, 

including the area above Palmerston North. 

The res ultant perception distribution illustrated in Table 

XXIV indicated that the different sources of flooding had little 

impact upon the floodp l ain managers hazard perception there being 

no significant variation in perception among those in the same flood 

frequency area within each of these source areas . 

4. Variation in farmers perception of lo_caj.. flooding 

The problem of local flooding has been experienced by 

most farmers in the area liable t o river flooding. An examination 

of the effect of the length of time an individual had been farming 

in the region on his hazard perception was undertaken and the 

results are shown in Table A/.V. It can be seen that the number 

of years an individual had been in the area di d not significantly 

influence his perception. This indicated that either new arrival s 
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TABLE XXIV 

Fll.RMERS PEOOEPTION OF RIVER FLOODlliG BY SOURCE OF FIOOD 

Farmers Perception of the Flood Hazard 

flood Source of 0-11 1-4 major never occasion-
frequency flooding months years floods floods ally floods 
area only 

0-11 Ii. (1)100/.· 
months B n1WP c 9 1 OOi!i 

D 2 100/v 

1-4 ! l-1.. f T OO,o years B (2~ 50;; 1 25/.:- (1) 25/"J 
c (2 297::, (4 5(/L ( 1) 14i~ 
D (1) 501-· ( 1 50i0 

......,,., ___ 
5-1 9 1-.. 
years B (1) 14i) (4~ 50,s (3) 38-j., 

c (1) 1.3/i.i (1) 13; ... (5 61/i.i ( 1) 13/.: 
D ( 1) 33;,_ ( 2) 68i~ -- -

20-1 00 A ( 1 ~ 11,: ( 7) 78-i: ( 1 ~ 11 /.: 
years B ( 2 71-

1

~ 25) 89;. (1 41,, 
c (2 25/v (5~ 63/.: (1) 12i~ 

; D ( 3 100-; ... \ 
t 

: c I I indirect ) A IC 1) 17/6 ( 5) 83): 
benefit B 11)100; 

I I 
I 

25 ~ 96/.; I area c I c 2) 
'1~ 41::,, 

D 61-· 27 88-,Z ~2 6-/..; 

(Number of farms in brackets) Source: Field Survey 

Key 

A Oroua and Sluggish River 
B Himata.ngi, Whirokino, Moutoa, Makerua and Buckley 
C Bainesse and Manawatu 
D areas tha t lay outside a Drainage Board area, including the 

area above Palmerston North 



tp the at.ea ~t4A~t~ took on the chaf.ap~~ri~tt~~ P~ opiniP.fi~ pf ~ho~~ 

airea~y in the a..rea1 or el~e tne 4igfl freqµ8ijQY Qf PO.~J..W~~fW~ ~~pl~4 

the haiaf,d tp Q~ qµig~lt- i4eqtifie4t 

Flood 
Frequency 
Area 

0 _ 11 Pre scheme 
months Post scheme 

-
1 - 4 , Pro scheme 
years : Post scheme : 

5 - 19 Pre sdheme 
years Post scheme 

20 - 100 Pre scheme 
years Post scheme 

Indirect Pre scheme 
benefit Post scheme 
area 

.... ~ . 

Never 
floods 

Never I Floods 
1 

Seriouii 
1 floods l rea!on- 1. flood 
i J i badly ' ably . area 
j _ . . _ _ l padly _ j _ 

I ! -< 1 ~ 64% i ( 4 j ~ 
( Af-.rrf. I 2 1 !JV/0 ' 

.•.....• ..... ·- . . . . ... . - . - . . . " " - · · · I . 

. . ' l11}. 101$ ., 
, f 1 ~ 33ft if?D f,~ ! 

- • l.. • • 

(8) 67'/a (4) 33% ( 
(5) 71% (2) 2~ 

{17) 49% 
(13) 1oo,g 

(1 s) 51% 

. . 

(47~ 94% (3) 6% 
(24 1rofa \ 

i i 
' 4 - ~ ... . .. • • • • . ~ . - . ~ .. . . . . ... < - I 

The alstr:ibutiofi of perception by time o:f locating in the 

floodplain (pre-scheme or post-scheme date), indicated that tho.e 

who had been :in the area prior to the scheme considered the problem 

to be more severe than did those who had located after the fi.ood 

scheme. 

'rhe f'lood control scheme itself' made little difference t-0 

the internal d..,_-a.:i_nage Conditions. In ·f'act in some areas si::irf'aee 

water could not enter the river system as read.:i.iy after the scheme 

and the problem in these areas was theref'ar-.e worse after the scheme 

than bef'ore it. ~ scheme did, however, enable increased D:ra:iDage 
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possibly the effect of this post scheme activity that is reflected 

in the perceptions expressed in Table XXV. 

5. Farmers' Perception_ of Effect of Scheme on Farm 

Production 

The farmers' perception of the effect of the flood 

scheme on farm production is illustrated in Tables XVI to XVIII 

where the perceived effects of the change distribution of river 

flooding and local fl ooding are shown. 

(a) River Flooding 

Of those interviewed only 23 peroent considered 

tho scheme had enabled an increase in production, while 69 percent 

considered the scheme had had no effect on production and eight 

percent thought production was worse because of the scheme. 

Those who thought that production had benefited from the scheme, 

considered that more sound farm management and more positive 

planning could take place because of the elimination of the 

flood hazard. Others attributed scheme benefits to the 

prevention of stock losses and pasture damage. 



TABLE XXVI - FARMERS PERCEPTION OF EFFECT OF ALTERED RIVER 
FLOODING ON PRODUCTION 

Flood Farmers Perception 

frequency i 
increa sed or production production area 
more intensive not affect- worse 
pr oduction cd 

0 - 11 months ( 12) 92'/o ( 1 ) fYf, 
1 - 4 years ( 11 ) 7gsf, I 

( 1 ) 7% (2) 14% 

5 - 19 years ( 11 ) 58% (4) 21% (4) 21% 

20-1 00 years (6) 12% I (34) 71% (8 ) 17% 

Indirect 
\ benefit area (74) 100% l I 

168. 

(Number of farms in brackets) Source: Field Survey 

The f anners who considered the scheme had not affected 

production included those in the high haze.rd frequ ency area s who 

had never experienced fl ooding 211d those in the low frequency areas 

who considered flooding had never occurred or its occurrence was so 

infrequent a s not t o influence production pa tterns. 

In some areas the fl oodplain managers thought production 

had suffered because of the scheme. Concern was expressed at the 

effect of levees cutting across farms and thu increase of land in 

berm areas. Others believed the elimination of periodic inundation 

to be detrimental to production in that fertile river silt was no 

longer periodically deposited over their lands and the natural 

fertility of the soil was therefore lost. 

A greater percentage in the high flood frequency area thought 

production had benefited from the scheme (ninety-two percent in the 



'l'ABLE XXVII 

E.fffivlEIS PEIDEPI'I ON OF EF.F'ECT OF ALTERED LOC~ 

Fl ood 

Frequency 

Areas 

l•'LOODING ON PRODUCTI ON 

----~-~-· ~-----~ 

Farmers Perception 
-~--------------~~, 

incr eased or 
more intensive 
production 

pr oduct ion 
not 
affected 

production 
worse 

i---~~---~·~.- -~~---------1--~~ .. "'-.- ...... -:.r---- .... -

. 

0-1 1 months (5) 38fo (7) 54io ( 1) W;o 

1-4 years (5) 36'}0 (7) 50/o (2) 1J+to 

5- 19 yc;:;.rs (8) Wo (8) 427° (3) 1~0 

20- 100 years (7) 15e 

indi rect benefit 
area ( 3) J+ta ,.._._,._....__ ____ 

(37) Ttfo (4) 8'/~ i 

(65) 88"/o ~~ .... .--u-- .... -..--

(Nuober of farns in brackets ) Source : Fi el d Survey 

TABLE XXVIII 

~T OF FA1Th1ERS PAST FLOOD EXPERIENCE ON 

PEIDEPr I ON OF EFFECT OF FLOOD SCHEivill: 

__ ,.. ______ 
-Farmers f l ood r Fru:mers Per ception I 
experience . ~ 

increased or product i on production 
more intensive not worse 
production affect ed 

ma j or ( 20) 3~ (34) 63"/o 

minor ( 19) 41% ( 18) 39fo ( 9) 20fo 

none (1) Z}'a (62) 917" ( 5) 7'/o .• 

(Number of farms in brackets) Souro~: Field SurTey 
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0 - 11 month flood frequency area) than did t hose in the areas of 

low hazard frequency (twelve percent in tho 20 - 100 year flood 

frequency area ). The sit uation r egarding thos e who t hought the 

scheme had had no effect on producti on was tho reverse of the 

above . That is, a greater percent age in the l ow hazard frequency 

areas than in the high haz~d fre quency areas thought production ha.d 

not changed because of the scheme . Those who believed pr oduction 

had declined because of the schenc represented eight percent of all 

farmers o.nd were spread over the 1 - 4, 5 - 19 and 20 - 100 yeo:r 

f l ood frequency a reas . 

The inf'luenco of pnst flood experience on tho percei ved 

scheme effects on production is shown in Table XVIII . Tho most 

notab l e fea ture is the high percentage (92 percent ) of those with 

no flood experience who thought the scheme had no effect on 

pr oduction . A greater percentage of those who had experienced 

major flooding (63 percent) c onsidered the scheme t o have had no 

major effect on pr oduction than did t hose with onl y mi nor flood 

experience (39 percent). The percentage of each of these "b.vo 

groups who consider ed production had benefited from the scheme 

wer e fairly evenly divided (37 percent and 41 percent) . 
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(b) Local Flooding 

The Illb.jority of floodplain managers (seventy four 

percent) believed that there had been no effect on production as a 

result of post scheme changes i n internal drainage conditions. 

Seventeen percent believed that such changes had resulted in 

increased production whil e nine percent considered production 

to be worse because of the new conditions , which indicated that only 

a net gain of eight percent of the. farmers believed they wer e better 

off because of the scheme ' s effect on internal drainage. 

A greater percentage of those in the lov1 hazard intensity 

areas considered that no change in production had occurr ed because 

of the flood scheme than did those in the high hazard intensity 

areas (~able :X:XVII) . The di stribution of perception of the effect 

of internal drai nage was much the same as that for river f looding. 

6. Conclusion 

The above investigation of hazard perceptions 

indicated that: 

(a) different groups perceive the existence or 

severity of the same hazard event; differently, 

that is the Catchment Boards' and f loodplain 

managers ' hazard perceptions a.re not the same. 

(b) users of the same resource (in this case farmers) 

perceive the hazard event in different ways. 
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Some evidence has been presented which suggests that the 

floodplain managers perception of the flood hazard is not solely 

a function of the frequency and impact of the hazard event . It 

is likely that other factors, such as the amount of land in the 

floodplain and attitude of others in the same area, influence the 

floodplain managers hazard perception. 

The la.1.·ge number of floodplain maragers who considered the 

scheme had been of no benefit suggests that an education programme 

by some official body, identifying the new hazard boundaries and 

changed conditions could gener ate beneficial effects in the 

adjustment to the post scheme situation. Such a suggestion is based 

on the observation that it is not the existence of the potential 

hazard but the floodplain m3.nagers ' perception of this hazard that 

determines his adjustment to the environmental conditions . 

G. THE ENVIRONMENI'Af, IMPACT ON THE 10\i!ER MANAWATU REGION 

The Catchment Boards evaluation process for the Lower 

Manawa tu Flood Control Scheme made no attempt to as s e s s the full 

physical consequences of the project. There was no consideration of 

the effects of changing river regimes, altered channel design, or 

the destruction of wetlands. While these factors cannot be 

expressed in monetary terms, they are still social costs that 

need to be considered. In a. similar manner, no values were 

assigned to lowlands for flood sediment and nutrient storage, or 

to water quality, nutrient exchange, biotic productivity, existing 

flora and fauna, aesthetic qualities, or destruction of historical sites . 
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It may be suggested t hat the l aok of ecol ogical c onsiderations 

indicnt es 11 certain predisposition in the Manam:i.tu Catchment Boar d 

evaluation proces s t owar ds monetary benef'its and pr esent, compar ed 

with f'uture , r equirements . To some extent it would also reflect 

the st at e of the art in t he 1950 ' s . It has been not ed that flood 

control proj ects such ns the LoYrer Manawa.tu Flood Control Scheme 

have in many cases l ed t o t he degradation and destruction of 

b ottoruand ecosystems nnd envi r onmental quality , through the 

dramatic reduction in biol ogical pr oductivity of pl ants and animals 

that depend on periodic overflorrn for sediment and nutrient influx 

and deposition, and, consequently, ultimat e survival (Jahn 1969, 

Hines 1969, Chorley and Kat es 1969). 

It i s consider ed that t her e is a need t o attenpt t o 

under s t and how environmental inter act ions might be incorpor at ed in 

f'lood programs and so devel op a bett er bal ance bet ween flood 

prc.t cction and environmental quality. Ther e is a gr owing recognition 

of the i mportrulce of environmental impacts of wat er r esource 

developnents, but the l ack of f easible analytical techniques a t 

present hinder developments in this field. A framework f or assessing 

such i.Dpacts has not yet been devised , but the 'Environment Impact 

Matrix' can be used to assess what actually follows water r esource 

development and so contribute t o the knowledge of the effects of 

uater resource projects, in ardor that they may be ta.ken into 

consideration in future projects . Some of the possible 

environmental effects of the Lower Manawatu Flood Control Scheme 

will be discussed here as an illustration of the importance of' this 

t o be decision making process. 
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In proposed developments such as the Lower iV.ianawatu Flood 

Control Scheme, it is usual practice to include an aru:..lysis of the 

n~ed for development and the associated costs and benefits. In the 

past such analysis v7cl.s based almost completely on t:conomic criterion. 

In the Lower 1ianawatu Flood Control Scheme this was the only 

reference used. More recently society has recognised the need t o 

consider tht: effect of the proposed development on the environment 

and has called for the consideration of ecological as well as social 

and economic costs in the appr aisal of a pro ject. 

Th~ Environmental Impact Matrix, devised by the United 

States Geological Department ( furvey Circular 645), is used here to 

identify the proposed actions and environm~ntal impt:lcts of activities 

involved in the LoVler Manawatu Flood Control Scheme. I'he Matrix is 

a general checklist of the full range of actions and impacts on the 

environment that m8Jl result from proposed actions. The horizontal 

axis of the matrix represents the propos ed actions which may impact 

upon the environment. The vertical ixis represents those elements 

in the environment that may be affected by the proposed actions . 

In this study the original Impact Matrix was narrowed t o 

include only those actions and impacts r el evant to the scheme. Once 

this was done the magnitude and importance of the impact \va.s assessed 

and the five most significant impacts isolated for further 

discussion. Ma gnitude is used here as a definition of scale or 

extensiveness of the impact . For example the flood control scheme 

could alter the drain.age pattern and would therefore be considered 

as having a large magnitude of impact on drainage. The second 
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aspect of arzy- action that needs to be consider ed is importance 

(that is , significance) of the particular action in t he specific area 

wrler study . Thus it could be considered the ov0rall lirrportance of 

the flood scheme on drainage may be small because the scheme may 

affect only a small area of drainage . 

The conventional means of compiling an Impact 1'ta trix is to 

assign various wei ghts (1 - 10) for me.gnitude and importance of 

impact . The Environmental Impact Matrix devised for this study , as 

shown in Table XXIX , includes only those impacts thut have had a 

s ignificant adver se environment al impact . No weighting for 

magnitude and impor tance of impact have been assigned because of 

the general absence of any information on this for the Lmrer 

1ianawatu Flood Control Scheme. It is apparent t h:.t there were maey 

environmental impact s as a r esult of the schem0 as can be seen in 

Table XXIX The five major impacts are d i scussed belmr. Passing 

reference is made to subsid~ impacts . 

1 . A pri mary consi der a tion must be t he effect s of 

r estricting water flow to a set chann~l, by cb.Ilalization, canal 

dredging and str aightening, channel revetments and use of canals . 

Although no studies have be.en conducted i t i s extremely likely that 

many adver se environmental effects , notabl y on soil fertility, 

grazing, agriculture , cropping and grass growth have resulted from 

the scheme . In the past the r egion developed because of periodic 

inundations which deposited fertile river silt on the f l oodplain 

lands ensuring high natural fertility. With the preventing of such 

inundation, the soils have been denied their source of natural 
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TABLE XXIX 

ENVIRONl.ffiNI'AL I MPJl.CT MA.TRIX FOR THE MJUJJiY/.A.TU 

fish 
microfauru 

wetlands 
grazing 
agricultw e 

hunting 
fishing 
sw:imning 
picnicki~ 

scenic 
views 

Proposed Actions which may Cause Envirorunental Impact 

(A) Modification of 
Regime 

a 

x 

x 
x 
x 

x 

x 
x 
x 

x 
x 

f g h 

x 

x 

x x 

Source: 

(B) Land Transformation 
and Construction 

x x x 

k l 

x 
x 

x 

x Y-

x x 
x 
x x 

x 
x x x 
x 

x 

x x 

(E) Land 
Alteration 

a 

·'.le 

.X 

;x: 

x 
x 

x 

USA Geol ogica l Department , 
Survey Circular 645 
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fertility (and artificial fertilizers have had to be applied to 

maintain productivity) . Discussions with local farmers and VI 

Brown (Past Secretary of the Catchment Board) revealed agriculture, 

grazing and cropping in the more frequently inundat~d areas of 

pre- scheme years, have consequently suffered. Good grass growth in 

these areas has also suffered because of the prevention of periodic 

inundation. Pests 1::1.ncl diseases such 1::1.s grass grub, which were 

never a problem in pr~-scheme years hcve emerged as a probl em since 

the s cheme. This may be a direct or associ ated product of t he 

scheme. The decline in grass production has affected grazing and 

other agricultural pr actices i n these areas . 

2 . The second major consi deration is the effect of 

altered drainage conditions . The major impact has 1.iven in the 

wetlo.r.d areas which have been seriously reduced, r esulting in the 

destr uct i on of much of the microflora and microfa.una of the area as 

well as aquatic pl ant and bird life of the area. Consequently 

hunting and. fishing have been indirectly affected by such actions . 

'l'he alt ered drainage conditions have a lso impacted other areas, 

where land which in pre-scheme years was not affected by local 

flooding, is af fected today. This situation has be~n caused by two 

factors : 

(i) Increased runoff from areas higher up . :F'or 

example , l and at the bottom of t he Taonui Ba.sin 

now r eceives runoff four hours after it falls 

on the l a r.d above it , wher eas in pre- scheme years 

it took 24 hours to reach this point . 
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(ii) The levee banks in some areas prevent surface 

water from entering the river system. 

'l'hese evonts also affect the agriculture, croppi ng , 

grazing and grass gro\:th of the area in detrim1,,ntal wn.ys . 

3. The altered drainage c onditions, the introduction of 

canals and canalization, channel straighteni ng and channel revetments 

has affected the l and.form particularly in the Makerua area wher e 

Mr Brown (a past S<:::cretary of the Catchment Board) has observed the 

l and has sunk six to e ightnetres since natural periodic inundation 

has been prevented. This has affected the natural drainage 

conditions and water table . Although no r esearch has b een 

conducted in t hi s area the mo.jar impact may be felt in the future 

when the peat soils may dry out complet e l y if they are continued 

to be denied feeciing by flooding. 

4. I'he containing of flows between stopbanks has altered 

river flO\:s by increasing velocities particularly in times of flood . 

Research in other parts of the world suggest that this could have 

particularly significant effects in reducing the a quatic plant and 

fish life as well as microflora and microfau.nz.. of the river 

a lthough no research has been conducted in this area in New Zealand. 

These features have also been affected in a minor way by erosion 

control which has altered the sediment load of the river and the 

nature of the river bed load. Foodchains ma.y have been upset 

( a t least in the short run) by such altered conditions . 
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5. A fifth major impact has arisen from the installation 

of channel revetments and introduction of vvillow trees along much 

of the river banks . This hus prevented access to much of the river 

for fishermen, swimmers and picnickers as well as detracting from 

the scenic qualities of much of the area and altering plant and fish 

life of the area, again possibly upsetting foodchains and ecological 

conditions of the region. 

Other environmental effects of the scheme have come from 

the installation of bridges which have altered flow characteristics 

and plant and aqua tic life, as well as affecting eros ion and charmel 

deposits in the immediate area. Highway construction n.s well as 

the introduction of additional roads and altered r Qilroad routes 

have also affected l a ruli'orm soils and dra:inage, particularly surface 

water flows . 'fhe magnitude and importance of thes c events are 

ho-rvever, relatively low b ecause they do not affect a very big area . 
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CHAPI'ER Z 

'f HE EFFECT Qli' THE FLOOD SCHEME ON L.iND V~.LUES 

..h.t the; t:i.rne of' formulating the floo<l control scheme the 

Catchment Board considered different areas would be affected to 

varying degr ees . The most obvi ous differcntiatine factor ...-vas the 

flood frequency t-reas as defined by the Catchment Bon.rd but the 

effect of this was modified by drainage board activity et c . It was 

considered that the sample frrune as used in Chapter 6 based on flood 

frequency and drain.age boa.rd boundaries woul d the.ref or~ be suitable 

for an analys is of the differential impact of t he flood scheme. 

The bes t measure of the effect of the f l ood :;;cheme would 

have involve;cl an analysis of changes in farmers net margins and 

return on stock or changes in farmers net incomes . Such nn analysis 

was not possible as there was not a sufficient nurrio0r of f armers who 

were prepared to make such records available, <:;.nd datn. stored at the 

Valuation Department on stock munbers etc was both inaccurate and 

incomplete . 

The only alternative measure that could be used was 

changes in the value of l und over the region. The Valuation 

Department makes five yearly surveys of land values by County 

r egi ons . The area covered by the flood scheme includes parts of 

the Kairanga , Ma.nn.watu arrl Hor owhenua Counties . Capital value , 

Unimproved value and Improved value have been recorded for the 

Kaira:nga and Horowhenua Counties f or all Valuation dates. 
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In the Manawa tu County however , the valuation sys tem used by the 

Valuation Department has b een changed since the scheme began and 

Capital Va lue and Improved Value are no l onger recorded having been 

replaced by a 'Land Va lue ' which includes elements of both Capital 

and Improved Value plus some additional measures . Consequently the 

only value that was available for the entire region since the scheme 

began was the Unimproved Value. 

The Unimproved Value is defined by the 1951 Valuation of 

Land .hct as 11 the sum which t he owner's es t a t 0 or interest therein, 

if unencumbered by any mortgage or other charge therein, might be 

expected to realis e at the time of valuation if offered for sale on 

such reas onable t enns Cilld combinations as a bonafide seller might 

be expected to impose, and if no improvements had been made on tre 

s aid l and" . The Unimproved Value then measures the inherent 

potential of land before improvements added by man. It is therefore 

a measure of the suitability of the physical properties of the land 

for agricultural development. 

It was ori ginally planned t o examine Unimproved Values 

for pre-scheme and post-scheme dates in order to identify long term 

trends in changing values . This was not possible as the Valuation 

Department has destroyed all records prior to the early 1950 ' s. lui 

analysis of pre-scheme value trends was therefore not possible. 

The dates at which valuations in the various Count ies 

have been made are different . In the Kairanga County valuations 

have been made in 1958, 1963, 1968 and 1973. In the Horowhenua 

County valuations have been made in 1955, 1960 and 1970. In the 
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Manawatu County valuations have been made in 1956~ 1966 and 1971. 

A.11 data collected was therefore converted to be.se dates of 1956, 

1966 and 1972 either by extrapolation or reversi on of the inter­

valuation trends . By converting data t o these bas~ dates , it was 

t hought that some allowance coul d be ml:lde for the effect of 

inflation and ' natural ' l and price increases . ·ro mz..kc further 

allowance for this both absol ute va lue changes and percentage 

changes were calculated. 

Data was gather ed for indi viclual f Dl."!ns and colla ted by 

floocl frequenc--y area a nd dra inage board area t o show 

1 • 

2. 

3. 

t ho aver age value per hectare 

the percentage increase in value per hectare 

the range of value per hectare 

The average value per hectare for each of the flood 

frequency areas as shmm in Table X:XX: suggests tha t t he flood 

ha2 'lrd did not have a marked differ enti a l impac t outside of the 

0 - 11 months flood frequency ar ea, a t the time of construction of 

t he flood control scheme . If the flood hazard did have a 

signif'icant effect, then it would be expected that t he hi ghest 

fl ood frequency area would have t he lowest value and the lowest 

flood frequency area t he highest va lue . In actual f act the 0 - 11 

month flood frequency a r ea did have the lowest value and the 20 - 100 

year flood frequency area had an average va lue almost double that. 

However the 1 - 4 yea:r flood f'r e quenoy area had a n average value of' 

only t wo dollars a hectare l ess than that of the 20 - 100 year 

flood frequency area and the area designated aa receiving indirect 
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benef'its had the second loy;est value per acre. This suggestedthat 

while the flood ha zard may have had some aff'ect on land values, it 

was likely that some other f'actors modif'ied l and va lues. 

TABLE XXX - AVERA.GE VALUE PER HECTARE BY FLOOD FREqUENCY .AREAS 

! Floor 1956 1966 1973 
Frequency Areas $ $ % 

0 - 11 months 148 250 836 

1 - 4- years 277 428 1221 

5 - 19 years 232 361 1174 

20-100 years 279 413 1528 

Indirect bene-
fit ar ea 227 324- 1051 

Source : Compiled f'rom Vnluation Department Records 

The f act that the hazard di d have some effect on l and 

values is refl Jct ed in the increases in values shown in Tables XXX 

and XXXI. Table XXXI shows the percentage increase in "inter 

valua tion" dat es and demonstrat e s the f act that the greatest 

increases in value in the 1956-1966 period wer e r ecorded in the 

areas of highest ha zard frequency and the l owest increases in the 

areas of lowest hazard frequency. 

TABLE XXXI - INTERVALU.ATION PERCENTAGE INC.REJIBES IN UNDKPROVED 
VALUE 

Floor Percentaee Increase 
Frequency Areas 1956-66 1966-73 

0 - 11 months 66 237 

1 - 4 years 54 183 

5 - 19 years 55 225 

20-100 years 48 270 

Indirect benefits ! 

areas ' 42 224 

Source: Compiled f'rom Valuation Department Records 
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The distribution of increase f or t he 1956-66 period 

suggests the flood scheme r el eased the differ entia l l at ent potential 

of t he dif f erent flood frequency ar eas and t hat t his was r efl ected 

in changes i n l and values . The percent age incr eases in va l ues f or 

t he per iod 1966-73 as shomi in Tabl e XX.XI suggested that t he effect of 

t he flood ha zard may have been r emoved by t his l at er period as t he 

distribution of percentage incre:1ses in values f ollowed no sat 

pattern . 

Table XX.XII, which further breaks dovm the distribution 

of valueSshows that t he trend not ed in Table .XXXI hol ds true f or 

all Drainage Board .Areas expect for t he Buckley Dra i ne.ge Ar ca and 

the area that lies above Palmer s t on North. The small number of 

f ar ms in these areas may be pa r t ly r esponsible for this deviation 

f r om mai n t r ends 
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TiLBLE XXXII 

PERCEN1rl1.GE i~NNUAL INCRBiiSE Il'J Vhl.UE ($) P.GH HECTARE 

Drainage Boara. ~-
.AreCJ. Year -

~~ 

Manawa tu 1956- 66 
1966-73 

M.a.kerua 
! 

1956- 66 ~ 
1966- 73 \ 

....... ~---=-t~ 
u 

; ! Moutoa ~ 
; 
j 

~ 

·,frri.rok:ino 

~ 

Bai nesse 

. ~,- i-. . 

Sluggish River• 

I 
i 

I Oroua 

1956- 66 
1966-73 I 

j -r 
n 

1956- 66 i 1966- 73 

1956- 66 
1966-73 I 

1956- 66 I 
1966- 73 t 

- l 

1956- 66 
1966-73 

0-11 
months 

4•2 
63 

1 o. 7 
30 

7.8 
21 

I 
i 
j 

l 
j 

I 

-

Flood Frequen cy .. ..rea 

1-4 
yea.rs 

2.3 
41 

6. 8 
23 

1o. 9 
27 

---· 

4.3 
26 

i 
5-19 20-10 indirect 
year s years benefits 

2. 8 
44 

7. 8 
28 

~ -=-· 

-.~ 

I 

area 

7 9 
23 27 

10.1 
27 

9. 6 
29 

5.2 
25 

5.5 
21 ~--~ ~~-------

Buckley 

Outside of a 
Drainage Board 
.b.rea 

lu-ea lying 
labove Palm 
· Nth 

1956- 66 
1966-73 

1956-66 
1966-73 

1.956-66 
1966-73 

8 
8 

3.8 
39 

. 8 
23 
--·-

9 
22 

3. 3 
41 

Source: Compiled f'rom Valuation Department Records 

13 
61 

3.6 
54 

6 .• 1 
35 

5.3 
24 
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The aver age value per hectare recorded by fl ood frequency 

and drainage boar d areas is shown in Table XXXIII . An examinat i on of 

the di stribution of va lues in this t able and in Table XXX:II indicat es 

that there was a consider able r ange in values and changes in values 

in the same fl ood frequency areas over t he different drain~ge board 

a r eas , and that not all drainage board a r eas f ol l owed the trends 

outlined above. The most notable exceptions were t he Buckley Drainage 

ar ea and the ar ea l ocated above Pal merston North. One notable f act 

t o emerge f r om these two tables was the gr eat increase i n l and values 

in tho l a t er valuation dat es, which leant support t o the decision 

t o use base year s f or the purpos es of calculating the various t r ends . 

The range i n value per hectare for flood f requency areas 

within t he different dra i nage board areas shown in Table XX:IX 

reveal ed a similar trend t o t hat noted f or Tables XXXII and XXXIII . 

ThP.t is there was considerable va r i ation within the same flood 

frequency areas bet ween t he dif'fer ent dra inage boards. 

The dat a presented i n Tabl es XXXII t o XXXIX did not 

pr oduce many discernable t rends , but served t o demonstrat e the 

danger s of over genera lising in observations on the ha zar d and 

scheme effects fr om Tabl es XXX and XXXI. 

The f act that changes and trends wer e not distributed 

exactly over the scheme area does not negate the drawing of the 

earli er conclusions as t o t he eff'ects o~ the flood hazard and flood 

scheme on l and values . They do suggest t h.at the flood hazard and 

the flood scheme have not been the only factors that have 

det em.ined land values, but they do suggest they have been 

important contributing f actors . 
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TABLE XXXIII - AVERAGE $ VALUE PER HECTARE BY FLOOD FREQUENCY AREAS 
AND DRAIN.AGE BOfJID AREAS 

i Drainage 
I I Flood Frequency Area ! 

Board Arca Year 
0-11 1-4- I 5-19 20-100 Indirect 

months y ears I years years Benefit 
I Area 
I 

Manawa tu 1956 190 287 I 341 YJ7 336 
1966 269 353 435 386 4-15 
1973 1199 1365 1763 1666 1656 

~ · 

Makerua 1956 257 287 235 
1966 433 

I 
4-15 373 

1973 1122 1152 934 

1956 96 ' 213 Mouto2. 131 l 193 240 
1966 200 274- 344- 1+08 403 
1973 618 801 I 1018 1058 1152 

- . 1 

Whirokino 1956 
I 

176 I 
1966 

I 
353 I 

1973 I 1006 

Bainesse 1956 79 
1966 I 156 
1973 I 472 

Sluggish River 1956 158 314 -:JJ7 255 
1966 282 450 480 388 
1973 692 692 1499 1042 

Oroua 1956 i 321 216 
1966 499 245 
1973 1278 1140 

Outside of 1956 314 156 418 250 
Drainage 1966 566 297 569 383 
Board Area 1973 878 749 2702 1018 

Buckley 1956 210 57 210 
1966 378 131 311 
1973 1004- 692 873 

Area lying 1956 
I 

353 262 415 
above 1966 499 349 670 
Palmerston Nth 1973 I 1829 1337 

I 
2311 

Source: Compiled from Valuation Department Records 

I 

I 



TABLE XllIV.;. RliliG-E IN VALUE PER HECTARE BY FLOOD FREQUENCY AREA 
AND DRAINAGE BO.ARD AREA 

: Drainage 
• Board Arca 

I 
· Manawatu I 
I 
I 
i I Makerue. 
I 
I 

I 
I Moutoa 

1 

Whirokino 

! 
I 

l Bainesse 

! 
I 

l 
I I Sluggish River 
I 

I 
I 

' 
i Oroua 
I 
I 
I 

' 
; Buckley 

I 
I 

i Outf?ide 
!· Drainage 
I Board Area 
I 
I 

' ' Area above 
/ Palmerston 

North 

Year 

I 1956 

i 1966 
1973 i 

I 

I 1956 
i 
I 1966 
I 

I 1973 
I 

i 1956 l 
i 1966 
' 1973 
I 
I 1956 

1966 
1973 

i 1956 

I 1966 
I 1973 

1956 
1966 
1973 

1956 
1966 
1973 

1956 
1966 
1973 

I 1956 
I 1966 
I 1973 

1956 
1966 

I 1973 
I 

I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
i 
f 

I 
I 
I 
I 
I 

I 
i 
I 
I 
I 
I 

i 

I 
! 

I 
I 

I 

I 
! 
I ; 

0-11 
months 

82-311 
151-408 
672-1856 

-
-
-

96 
200 
618 

-
--
-
-
-

158 
282 
692 

-
-
-
-
--
-
--
-
-
-

Flood Frequency Area 

1-4 
yea rs 

5-19 
y ears 

20-100 
years 

I 171-400 : 269-420 i i 176-292 
! 220-447 I 358-502 I 265-539 
! b 342-2247 11046-2707 952-1869 
I I 
! 

I 

I 
I 

I 161-388 245-267 l -I j 

I 
34J.l.-522 I - I 245-534 

I 964-1280 776-1357 I - i 

I 131 I 141-260 I 146-326 
I 277-378 I 220-504 

I 
274 
801 ! 811-1174 i 774-1533 

i 
f - - I -

- - ! -I 

- - -

I - - -
I - - -
I 
I - I - I -
; 

I 

I 
215-465 ' 232-400 -I I 334-564 - 262-742 

11043-1533 - 1 638-2299 
I 

I - - 220-289 
I - - 346-742 

- - 989-1404 

- 205-218 57 

I - 349-398 131 
- 808-1100 692 

! 
314 133-178 304-531 
566 237-282 549-588 
878 566-932 2578-2828 

247-418 178-319 415 
465-529 237-445 670 

! 1686-1052 r 
873-1698 2311 

Source: Compiled from Valuation Department Records 

Indir~ct 
Benefit 
Area . 

267-425 
297-579 

1 211-2~72 

195-321 
242-519 
591-1298 

1 36-34.1 
319-433 
915-1~10 

176 ·' 
353 

1006 

49-116 
109-205 

-I 405 598 

193-33j 
277-494 
690-1454 

. 
277-366 
418-581 

1068-14$8 

'· 138-262 
176-450 
541-1248 

; 

208-294 
316-450 
702-1263 

~ - :~ 

- l I 

I -
' 

... . 

I 

I 
! 
! 

: 
' 

' ' i 
i 

I 
i 
! 
I 
; 

' 
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CONCLUSION 

The Lower Manawatu Flood Control Scheme has both directly 

and indirectly altered the phys ical s hape and setting of the lower 

Manawatu region. Parts of the study area have been changed from 

unproductive 18.nds (in the sense of their agricul turnl usage ) to 

productive lands . Changes in the intensity and nn.ture of land use 

have been noted and commented upon above. 

Other studies (McNeil Adams 1968 ) have noted such changes 

and attributed t hem to the effects of the Lower Mann.watu Flood 

Control Scheme implying the s cheme represented not only a beneficial 

impact upon the area but also the 'best ' adjustment (or only adjustment) 

man could have made to the flood hazard in the area. 

While it is r ecognised t hat some areas have benefited from 

the flood control scheme , the point has been r aised whether or not 

there have been some detremental effects , particularly long t erm 

environmental effects on the region. Of more central importance to 

the thesis i s the fact that of the alternative ad justments that were 

theoretically possible many were not considered by the Catchment 

Board in their decision on the adjustment to the flood hazard in the 

Lower Manawatu region. 

This latter observation l ed to an examination of the 

decision-making process of the Manawatu Catchment Board and a n 

examination of W. comparison of the Catchment Board's and the 

Resource users' perception of the flood hazard and effects of the 

flood scheme on landuse arrl production. 



190. 

The research findings revealed significant differences 

existed between the Catcl:unent Board's and floodplain :managers' 

perceptions of the flood hazard. Characteristics and attributes of 

the floodplain managers' were then examined in an 8.ttempt to isolate 

t hose f actors that i,right influence an individua l s hazL!.I'd perception 

and so provide possible insights into the difference between the 

Catchment Bom'd's a rrl resource users' hazard perception. 

It was noted that the individuals hazard perception was 

influenced by his past hazard experience and pos s i bly by the area of 

a farm that lay in the floodpluin. Of these two f actors 'past hazard 

experience 1 had the more significant influence. The farmers attitude 

towcC..rds future flooding wa s also shown to be affected by his past 

hazard experience. The considerable variation that exis ted amongst 

resource users of the same resource was partly explained by reference 

to the above factors. 

The identification of the f act that the hazard perceptions 

of the Catcl:unent Board and the farmers did vary and that the floodplain 

managers ' hazard perception influenced his attibude to the flood 

hazard and the flood scheme and therefore his production patterns, 

suggested that the resource users' hazard perception should be sought 

in decisions as to the nature of future hazard adjustments. 

The study noted possible defects in the officia l decision 

making process and suggested possible avenues that could be explored 

in improving t he decision making process to ensure an improved 

adjustment to the flood hazard in the future. The research finiings 

hold implications not only for future projects in other areas but 
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also for the future of the Manawatu region affected by the scheme. 

It is important to remember that the 'planning' of a flood protection 

scheme does not end when the scheme or plant i s built . There is an 

inherent r esponsibility on the pDrt of the decision makers to 

continue their planning by taking into consideration the new a nd 

changed conditions . Responses by farmers and other bodies in the 

area as well as environment al changes must continue to be monitored 

in an a ttempt to ensure best use is nade of the n ENT conditions . 

This study suggests a form of advocacy planning as a raeans 

of ensuring that this best use is achieved. The process should b egin 

by soliciting the resource users view of the hazard and it should 

continue to elicit their view of post scheme conditions. Only in 

t his wo.y can the real problems a nd deficiencies in official policies 

be realised and either corrected by a reappraisal of the problem, or an 

educative prograrrrne introduced directed at informing the resource 

users of the potential of the changed conditions, f or increased 

production 8.Ild new l and uses . 

By revealing t hat l a nd use changes have not occured as 

originally predicted by the Catchment Board, and that lilEilliY factors 

that have not yet b een fully identified influencing a resource user's 

response to the flood hazard , this thesis has probably raised more 

questions than it has answered. The intention or purpose of the 

study has thus been fulfilled, that is, there has been shown to be 

a need for n"¥:>re involvement in the decision making process by those 

affected by the decisions. This arises from the observations that 

the resource users perception of a situation influences the response 

to that situation and that perception varies between and among 

different groups. 
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.APPENDIX A 

( 1) What is the basis of ownership of this fa.nu? 

a.) owned 

b) leased 

c) other (please state) 

(2) Is this property farmed as an independent unit or is it farmed 

as part of a larger unit? Please give details. 

(3) How long have you fanned this property? •••••••••• years 

(4) What i s the size of this fa.rm? •••••••••• acres 

(5) ~'hat changes in farm size have occurred since 1950? 

(Size change and date) 

(6) 

One of the aims of this survey is to examine trends 

in farm expenditure before and after the flood scheme. 

Would you please indicate average annual expenditure 

on the following items. 

fencing 

stumping 

clearing 

drainage 

grassing 

Pre Scheme (1950-63) Post Scheme (1963-73) 



buildings 

farm ma.chinery 

fertilizer 

spraying 

Pre Scheme (1 950-63) 

feed plll'chased for stock 

(7) How many were employed on this farm in 

1955 

1965 

1973 

Permanent Staf'f 

193 .. 

Post Scheme (1963-73) 

Seasonal Labour 

(8) What wages were paid to these employees in: 

1955 

1965 

~973 

Permanent Staf'f Seasonal Labolll' 

(9) How ma.n;y acres of land are flooded each y ea:r . Please 

indicate average acr.eage and length of time pasture etc. 

i s unable to be used. 

Before the scheme 

After the scheme 

Impeded drainage River flooding 
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DAIRYING 

( 1 o) Please complete a.s much of the following as possible: 

1955 1965 1973 

number of cows milked 

replacements carried 

bobby calves sold 

calves carried 

butterfat production 

town miDc production 

numl.:Jer of herd wintered 
off 

SHEEP 

( 11 ) Please complete as much of the fallowing as possible : 

1955 1965 1973 

number of ewes 

number of hoggets 

number of wet hers 

number of lambs 

number of others 

number of sheep sold 
yearly 

wool production 



RUN C.A.T'I'LE 

( 12) Please complete as much of the following as possible: 

number of breedi ng cattle 

number of steers 

11.1.IDlber of bullocks 

number of beef cattle 

number of dry cattle 

number of others 

number summer grazed 

number winter fattened 

number cat t l e sold 
annually 

number of other animals 
(hens , pigs etc.) 

CROPPING 

1955 

(13) Please compl ete as much of the following as possible. 

Please indicate type of crop and ac~eage grown in 

fallowing years : 

type of crop 1955 

L"'1 order to ascertain what effect you -Chink the flood 

scheme has had on your farm activity please answer 

the following: 

195. 

1973 

1973 
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(14) Do you consider that the productivity of your farm has 

benefited directly or indirectly from works lUldertaken in 

conjllllction with the flood scheme? If so then 

a) What do you think the direct benefits (e.g. increased 

production) have been and what would you estimate their 

value to be? 

b) What do you think the indirect benefits have been and 

what would you estimate their value to be? 

( 15) How much would you estimate thes e benefits to be worth in 

total? 

(16) Have you lUldertaken any improvements or expenditures which 

you could not have previously done prior to the flood 

protection scheme? Please give details of nature and cost. 

( 17) Have you undertaken any improvements or expenditures to 

take advantage of the flood protection scheme? Please give 

details of nature and cost. 

( 18) Have there been any harmful side effects from the scheme? 

( 19) What do you think the nature and productivity of your 

farm would be like today if the flood scheme v.ras not 

present? 
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