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Abstract 

This the s i s  addre s s es the role o f  technological change i n  

the New Zealand s awmi l l ing industry . 

i i  

I t  c ons i s t s  o f  an examinat i on o f  the import ance o f  

t e chno logical change on economi c and i ndust rial  growth . The 

me chan i sms by which techno l ogical change occurs i n  

indu s t r i e s  are examined , part icularly the te chno l o g i c a l  

push model o f  S chumpet e r ,  the demand pu l l  mode l o f  

S chmookler , and the techno l ogical paradigm/traj ectory mode l 

o f  Do s i .  

The techno logical paradigm/ tra j ectory mode l i s  expanded 

upon and ope rat i ona l i sed to examine the New Zeal and 

sawmi l l i ng industry in terms of that mode l ' s paramet e r s . 

Two e mp i r i ca l  studies were conducted t o  ascertain the 

h i s t o r i c a l  e f fect of technological change in the 

deve l opment of sawmi l l ing in New Zea l and . 

The f i rst study examined var i ous input and output va r i ables 

i n  an economet r i c  framework , with an emphas i s  on a 

p roduct i on funct i on approach . The sec ond study ut i l i s ed a 

fact o r  ana l yt i c  approach t o  reduce var i ous techno l ogy 

re l at ed var i ab l e s  to a l e s ser number of variables . Th i s  was 

in o rder t o  de sc r ibe a pathway of techn o l ogical change in 

as s i mp l e  terms as p o s s ible . The factor ana lyt i c  approach 

fac i l i t at e d  the use of the t echnol ogi cal 



i i i  

paradigm/t r a j ectory mode l . 

Genera l l y ,  re sults showed that the economi c and 

t e chn o l ogical deve l opment of New Zealand sawmi l l i ng was 

characteri sed as having an emphas i s  on throughput o f  

t imbe r ,  po s s ibly because economies o f  scale are di f f i cult 

to achi eve in s awmi l l ing . 

Spec i f i c  findings were that the produ c t i on of sawn t imber 

i n  New Zeal and has been increasing in an exponent i a l  

manner,  that there has been a s l ow but st eady increa se in 

the number of persons engaged in t he i ndustry ,  t hat the 

number o f  k i l owat t s  in the industry has been increas ing 

rapidl y ,  that va lue added to timber ,  whi l e  be ing errat i c ,  

has been r i s ing , that the leve l o f  va lue added per per son 

has been r i s ing , whi l st the leve l o f  value added per 

k i l owatt has been stat i c . It  was concluded that cap i t a l  was 

subst ituted for l abour in the product i on of sawn t i mbe r ,  

and that the s k i l l  leve l s  o f  labou r i n  sawmi l l ing 

increased . It was est imat ed that through t ime , the e f fect s 

o f  technological change were such that an addit i on a l  2,4 02 

cubic metres o f  sawn t imbe r  were added to the nat i on a l  

output every year . 

It  was conc luded t hat , given the g loba l i s at i on o f  

manufacturing,  and proce s s  value adding i n  general , New 

Z e a l and s awyers need to saw to part i cu l ar cust omer 

st andards , i n  sma l ler order l ot s ,  and with greater degree 



.' 
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of manu factur i ng f l ex ibi l ity than has hither to been t he 

case . Thi s  imp l i e s  that sawmill ing t echnology mi ght we l l  be 

on the point o f  a paradigm shift . 
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CHAP TER 1. INTRODUCTION . 

1.1. Introducti on . 

T he forestry and forest products indu s t ry i s  the most 

i mportant in New Zeal and1 , both as a pot ent ial large 

foreign exchange earne r and for its pot ent ial for l o st 

opportun i t i e s2• T he re i s  a la rge resource of raw wood 

c oming on st ream from t he exot i c  plantat i on forest s 

t hroughout t he count ry , and thi s  stream i s  expected to more 

t han double in the next couple o f  de cade s . Howeve r ,  t here 

i s  a relat ive l y  sma l l  wood proces sing infrastructure . The 

inve stment needed t o  e xpand thi s  pro c e s s i ng capac ity ove r 

t he next 2 0  years i s  est imated t o  be in t he order o f  $NZ 1 0  

t o  $NZ 11 b i l l io n . 3  

I n  response t o  t hese i s su e s ,  Government a l  and o f f i c i a l 

focus on i nve stment in forestry has been leve l led at t he 

growing o f  more wood . For instance , t he tax regime 

p e rt aining t o  the growing of t imber trees has been altered 

t o  a l l ow growers to c l aim tax deduct ibi l ity on a l l  growing 

and tending e xpenses in the year in whi c h  they are 

i nc urred . P revious l y ,  such costs had to be accumu l ated 

t hroughout t he l i fe of t he stand o f  t ree s , and could on ly 

be made net of t a x  at harve st t ime . Addit iona l l y ,  t here ha s 

been much exhortat ion directed at l and owners whi c h  

highl ight s t he advant ages o f  growing wood, eithe r  as a 

s upp lement t o ,  o r  in p l ace o f  t radi t i onal New Zea l and 
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farming . 4  

Thi s  may be a misp l aced response . Given an expan s i on in the 

proce s s ing infrast ructure , it is not unrea sonable t o  

sugge st t hat a concomitant e xpan s i on in the forest e state 

mi ght f o l l o w  as the demand for wood inc reases . The 

content i on t herefore i s  that the nat i on ' s focus in t he 

fore st indu s t r ies should be towards t he process ing o f  wood , 

wi th recognit i on given t o  the importance o f  innovat ion and 

technological change as a me ans to open ing a new 

compet it ive advant age in wood proce s s i ng . This would 

c omplement t he al ready exi st ing and substantial competit ive 

advantage f ound in wood growing . 

P r obab ly the pivot a l  sector o f  the wo od proce s s ing 

industries in New Zealand i s  sawmi l l i ng . 5  In 1 9 9 2 ,  

sawm i l l ing provided one t hird o f  a l l  wood input int o the 

pu lp , paper and panel sect ors o f  t he wood proce s s ing 

industries in New Zea l and , as we l l  as us ing around 4 0  

percent o f  t he total New Zealand l og harve st in the s ame 

year . Edgar , Lee and Quinn6 furt he r  a rgued that the 

great est impediment t o  the c o l lect ive wood process ing 

industries growt h  was the l ack of a st rong , vibrant , 

innovat ive , inte rnat i ona l ly focused s a wmi l l ing sect o r . 

There were a numbe r o f  reas ons for t hi s ,  but t wo o f  the 

most s i gni f i c ant ones were t hat a st r ong sawmi l l ing sect o r  

wou l d  strengt hen t he pos i t i on o f  N e w  Zealand' s l og and c hip 

e xpo rter s ,  and it would provide a s ou rce of res idue wood 
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fibre for expans ion o f  t he pu l p ,  pape r and pane l sectors . 

Edgar , Lee and Qu inn7 have s uggested that t he s awmi l l ing 

sector ho lds t he greatest potent i a l  for non cap it a l  

intens ive expans ion due t o  i t s  current ( 1 9 9 2 )  l ow leve l  o f  

capacity ut i l isat i on . Addit i ona l l y ,  part o f  the p r o c e s s  o f  

revamping New Zea l and' s sawm i l l ing sector would b e  t o  

assess  t he st rengt h and di rect ion of the indust r y ' s 

techno l og i c a l  change and inn ovat ion pathways wi t h  a view t o  

bu i lding on exist ing st rengths and i n  deve l oping growth 

st rategi e s  for t he future . 

I t  i s  a c on sequence o f  a l l  t he above t hat t his re search, 

init i a l l y  di s cusses the imp o rt ance o f  deve l oping a better 

proce s s i ng i n frast ructure . T he study t hen goes on t o  

di scuss t he import ance o f  i nnovat i on and technological 

c hange and t heir relat ionships with respect t o  s awmi l l ing . 

Thereaft e r ,  t he rate o f  innovat i on and technological change 

in the s awm i l l ing indu st ry wi l l  be investi gated wit h  the 

a im o f  i dent i fying whe re p o s s ib l e  st rengt hs and we aknesses 

mi ght e x i s t , as  a platform for bui lding up a succe s s ful 

expan s i on of the sect o r . 

F i rst l y ,  howeve r ,  an examinat ion o f  t he economi c  st atus o f  

t he who l e  e x otic forestry indu s t ry in New Zeal and i s  

necessary both t o  understan d  t he over a l l  import ance o f  t he 

industry in New Zealand, and t o  gain an understanding o f  

t he pivot a l  role o f  s awrni l l i ng within the indu st ry . 
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1.2. The E conomic Status of Exotic Fore stry in New Zealand . 

Fore s t s  c ove r about 27 percent or 7 . 4  m i l l i on hectares of 

t he c ount ry ' s land area . Of t hi s ,  about 6 . 2  mi l l ion 

hectares are in indigenous f o rest and 1 . 2 m i l l i on hectares 

are in exot i c  plant at i ons . O f  the total pl ant at ion forest 

e s t at e , about 8 9  percent is radiata pine ( P inus radiat a ) , 

and 5 pe rcent i s  Douglas f i r  ( P suedot suga men z i e s i i )  

Hardwoods compr i s e  onl y 2 pe rcent o f  New Z e aland ' s 

p l antat ion forest s . s  

The ava i l able wood re s ource from plant a t i ons i s  expe cted t o  

r i s e  rap i dly ove r t he next two decades ( F i gure 1 . 1 ) . 

Because domestic demand for t imber i s  not expe cted t o  

change s i gni ficant l y ,  the vo l ume o f  wood ava i l able for 

export is expected to inc rease even mo re dramat ica l l y . 

Ma j or i n c reases in supply begin in t he mid 1 9 9 0 s . 

T he forest indust ry' s direct product i on represent s more 

t han 6 %  of the country ' s Gro s s  Domest i c  P roduct . Subsequent 

product use is addi ti onal to this . The indus try , inc luding 

packaging , direct l y  emp l oys more than 2 8 , 0 0 0  people ,  and 

i t s  di rect forei gn exchange earnings are s i gn i f i c ant at $NZ 

1 . 4 b i l l i on for t he yea r  ended June 1 9 9 0 . T hi s  puts 

fore s t ry in thi rd p lace behind Dairy and Meat p roducts on 

t he export earn ing stake s . ( F i gure 1 . 2 )  
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F igure 1.1 Roundwood Remova l s  and Proje cted Dome s tic 
Consumption . ( S ou rce : Mini stry of Forest ry )  

The c ompo si t i on o f  the forestry export m i x  shows by far 

that the largest p roduct group. was l og s  and chip s .  ( F i gure 
iL 

1 . 3 )  Thi s i s  import ant t o  one
" 

the main st reams o f  this 

t he si s; name l y  that a l a rge amount o f  t he nation ' s forest 

products are in a relat ively unprocessed form . By not 
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adding va lue , the opportunity t o  increa se t he wealth o f  New 

Z e a l and is foregone . In fact , e xaminat i on o f  figure 1 . 3 

reve a l s  that the i tems Sawn Timber and P aper & Paperboard 



(/) 
c 

Export Receipts by Industry 
Year Ended June 1990 

� 
05 
N Z E.9- 1 ........... . 

o 

Forestry Dairy 
Industry 

Figure 1.2 Export Re ceipt s by Industry Group . ( S ou rce : 
Dept . o f  S t at i s t i c s )  

const itute relat i ve ly low and stati c  export vo lume groups , 

but are t he most p roces sed form o f  wood shown . 

1.2.1. I ndus try Product Types . 

Log Export s 

New Zea land' s log e xport s have increased dramat i cal l y  ove r  

� t he past five to s i x  years . S ince j une 1 9 8 6 ,  New Zea l and' s 

log exports have increased by 7 32 percent t o  more than 

6 
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F igure 1.3 Fore s t  Product s Export Mix . ( Source: Ministry 
o f  Forestry)  

3, 5 0 0 , 0 0 0  cubi c metres per annum . New Zea land present l y  

7 

holds a 7 percent share o f  the Pacific  Rim l og market , with 

ma j o r ma rket s be ing Japan , Korea and China . 

Sawn Timber 

St rategical l y ,  sawmi l l ing i s  an import ant segment o f  the 

wood proce s s ing indust r y .  Not only i s  it a s ign i f i cant 

� empl oyer and foreign exchange earne r ,  but it a l s o  provides 

a c r i t i c a l  l ink between forest growing and t he 
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reconst ituted board indust r i e s . For the year ended March 

1 9 9 1 ,  ove r 34 percent of roundwood remova l s  from New 

Zea l and fore s t s  were sawlogs . Sawn t imbe r expo rt s pre sent l y  

exceed 7 0 0 , 0 0 0  cubic metres p e r  annum, with the ma jor 

ove rseas markets be ing Aus t r a l i a  and Japan . 9  

Pul p  and Pape r 

The two l arge st wood proc e s s ing pl ants i n  New Ze aland are 

the c omplexes of NZFP Pulp and Paper (a subs idiary of 

Cart e r  Holt Harve y Ltd) at Kinl ieth and Ta sman P ulp and 

Paper (subs idiary o f  F l etcher Cha l l enge Ltd) at Kawe rau. 

Both produce chemical pulp whi ch ut i l i s e s  the s t rength 

properties  o f  radi ata p ine . The Ta sman Pulp and Pape r plant 

a l s o  p roduces mechan ical groundwood pu lp whi ch ,  in 

combinat i on with chemi c a l  pu lp,  is manu factured i nto 

newsprint . 

The New Zea l and pu lp and paper industry support s the bu lk 

o f  the c ount r y' s domest i c  needs as we l l  as providing a 

l arge vo lume o f  export s which were worth $NZ 6 9 5  mi ll ion 

for t he yea r  ended June 1 9 9 1 . In the ma rch 1 9 9 1  ye ar, total 

wood pulp product ion wa s 1 . 35 mi ll ion t onne s whi le paper 

and paperboard was 8 2 1 , 0 0 0  t onnes . 

Pane l  Products 

F i breboard and p l ywood product ion began in New Zea land in 
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t he 1 9 4 0 s  and part i c l eboard product i on began in the 1 950 s . 

S ince that t ime , the product ion o f  pane l products has 

i n c reased steadil y,  with total product i on of panel products 

for the year ending June 1 9 9 1  exceeding 7 5 0 , 0 0 0  cubi c  

met res . F i breboard product ion has increased mo st markedly 

ove r the 1 9 8 0 s ,  as new pl ant s have been developed . Of 

part i cular note is the Ne lson Pine I ndu st r ies fibreboard 

p l ant whi ch i s  the largest s ingle site producer of 

f i bre board i n  the wo rld . Total panel product expo rt s 

exceeded 3 7 0 , 0 0 0  cubic metres to June 1 9 9 1 , and we re valued 

at $NZ 1 6 8  m i l lion . 

F igures 1 . 1 ,  1 . 2 and 1 . 3, shown above l e ad to a numbe r o f  

s a l i ent features about the New Zealand forestry industry . 

New Zeal and current l y  export s about two thirds of its wood 

h a rvest , in vari ous fo rms , but many fore s t s  are not yet in 

fu l l  product i on .  When plant ati ons are fu l l y  product ive they 

c an sustain the fo l l owing levels of ove rseas exchange 

earn ings each year ,  ( t able 1 . 1 )  as suming a l l  the product io n  

i s  exported . 

C l e a r l y , up t o  four and a ha lf time s a s  much income per 

hec t a re is generated by New Zealand if nearly all  

process ing i s  carried out be fore export . Howeve r ,  the 

adding of value may on ly be the adding of cost s ,  and adding 

va lue i s  only a va l id opti on if it i s  p r o fitable . Moreover , 

i nve stment in plant and machinery wi l l  only be done i n  the 

e xpectat ion o f  future profits . 



Bayl i s s  Sutton Earnings 
2 0 1 5 2 0 2 0  
( 1  . 3m ha ) ( 4  . 3m ha ) 

Log Export $2 . 6B $6 . 5 B $1 , 4 0 0 /ha 
s cenar i o  

S awn T imber $4 . 0B $1 7B $4 , 0 0 0 /ha 
mix 

Added value ? $3 0B $7 , 0 0 0 / ha 
potent i a l  

(NZ ' s t otal me rchandi se export s 1 9 9 0  = $1 5 B )  
[S ource: Sutton , W . R . J . , New Zealand Inst itute o f  

Forestry . Apr i l  1 9 9 1 . ]  

Tab l e  1.1 Earnings per Hectare 

1.2.2. Compa rative Cos ts . 

Compet i t i on in forest product s i s  dr iven by c o st . Most 

forest products are commodities , for wh ich supp l i ers with 

l ower cos t s  obt a in higher margins . As the price o f  mo st 

forest products i s  set in the inte rnat ional market p l a ce , 

c o st minimi sat i on i s  there fore crit ical . 

The ma j or component s of cost for forest products a re wood 
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f i bre , energy , t ran sport , labour and capital . The se wi l l  be 

examined in more det ail  be low . 

Fibre 

The cost o f  f i bre depends upon a number of factors , 

� inc luding whether the f i bre was sourced from pl antat i on 

forests ( s ince t he cost o f  pl ant ing and tending i s  inc luded 
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in t he pri ce ) or virgin fo rests ( a s  these costs are not 

included ) , growth rates , l ogging , hau lage and 

admin ist rat ion . The se fact ors have resulted in cons iderab le 

cost var i at ions among nat i ons . Ne w Zea land i s  no longe r 

cutt ing from its  vi rgin fore s t s  and is there fore , in one 

rega rd, p l aced at a cost disadvant age . However ,  Ne w 

Zealand ' s fast gro wing t rees are a count ering source for 

cost advant age . As figure 1 . 4 i llustrate s ,  New Zealand's 

soft wood fibre cost is near the mi ddle of the range when 

c ompared with other soft wood produc ing count ries . 

Energy 

Energy c o s t s  can a l s o  va ry widely from count ry t o  count r y .  

The cho i c e  o f  energy type exercises an important influence 

ove r t ot a l  ene rgy costs . The most intens ive l y  used fo rm of 

energy by the wood proce s s ing industry, part icularly by 

pu lp and paper mi lls , is e le ct ricity. A recent survey by 

energy c o s t  ana l ys t s  at NUS internat ional found that of 1 6  

c ount ries surveyed, Ne w Zealand ' s elect ricity costs  we re 

the least expensive . Comparat ive elect ricity prices are 

shown in table 1 . 2  be l o w. 
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Comparati ve Electricity Pri ce s 
(Apri l 1991) 

Rank Country Ave rage 
Cents /kwh 

1 Germany 2 0 . 8 7  

2 Italy 2 0 . 2 6  

3 Japan 1 7 . 8 0 

4 Belgium 1 5 . 8 0  

5 Ire l and 1 5 . 2 1 

6 USA 1 4 . 4 5 

7 UK 1 4 . 3 7  

8 France 1 3. 4 9 

9 Finland 1 3 . 06 

1 0  Nethe r l ands 1 2 . 63 

1 1  No rway 1 2 . 1 4 

1 2  Hong Kong 1 1 . 3 7  

1 3  Sweden 1 1 . 3 0  

1 4  Aus t ra l i a  1 0 . 8 7  

1 5  Canada 9. 8 9  

1 6  New Zealand 8 . 06 

Source: NUS Int e rnati onal , 1991. 
�·aDl.e l.. � . .  ComparaLlve Electricity Costs 

T rans port 

T ransport expenses are the most important var i able for 

e xport sales . Transport costs  for l arge bulky and he avy raw 

mat e r i a l s  and output s are genera l l y  high everywhere . 

Var i at i ons between export ing countries t end t o  be distance 

dependent . Because New Zealand is located c l o s e  to its 

ma j o r  forest product markets in Aust ra l i a  and East As i a ,  

s he en j oys lower costs than potent ial compet itors . Figure 

1 . 5 shows the extent of this  advantage . 



Softwood Fibre Costs 
(1988. ASlBDMt) 
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Source: H.A. Simons Ltd. Competitiveness of Australian Forest Industries. March 1990. 

Figure 1.4 Softwood Fibre C o s t s . 

Labour 

New Ze aland labou r costs a re l ow and make up only a small 
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percent age o f  total product c o s t s  unde r current techno logy . 

F igure 1 . 6  c ompares New Ze a l and l abour c o s t s  with t hat of 

other nat i on s  with forestry int e rest s . 



ManulaClur1n; 
Location 

NZ 

Australia 

Japan 

Chile 

Canada 

Shipping Costs 
(Factory Gate to D:stllbutors Door· SimJ) 

AuS;r?'.2� Market Jaoane<:e M,rkpt 

150 

160 160 

180 95 

180 190 

Source: Purchase, K. ·Tasman P ulp & Paper Company Ltd and Fletcher Challenge Ltd· 
(pape r  presented a t  ·The Seeds 01 Prosperily· Electricorp Marketing and Forestry 
Industry Seminar, 21-22 August 1990). 

F i gure 1. 5 Shi pping CostS. 

Capital 

The wood process ing industries are capital i ntensive . 

Cap i t a l  costs  vary wide l y  between product t ypes . F i gures 

1 . 7  to 1 . 1 0 be l ow c ompare the capital charge s ( and 

ope r at ing c o sts ) of s o ftwood produc ing c ount ries for 

var i ous product t ypes . 

14 



Labour Costs 
(1987, US$lHour) 
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F igure 1. 6 Labour Costs . (:;ource:H.A.Simon�, ':','..:d.) 

15 



Softwood $a",ntill 
(lcvcliscd unil cost,) 

Levoll,zo<' C O:;I (AS/CV m: 300������-------------' 

�Oles: 

NZ USA Canaoa Chile AUS1.jA),AuSI.(B) 

All.OO z US!O.75 Discounl ,.'e: 10% 
Plaol life • 20 yeats 

_ Operaling COSI 
o Capilal charge 

AUSI(A) OUlPUI J.5O.000m3 pcr annum AUSI(B) OUlPUI 260.000m3 pcr anoum 

F i gure 1.7 Softwood Sawmi l l  Cost s . 
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Notes: 

Newsprint Mill 
(levelised unit costs) 

909 

NZ Canada USA Chile 8razll Australia 

A$l.OO = USSO.75 
Discount rate: 10% 
Plant life = 20 years 

F igure 1.8 Ne wsprint Mill Cost s . 

_ Operating cost 
o Capi tal charge 
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The operat ing c o s t s  o f  the various f o rms of wood process ing 

are broken down into the i r  component s ( f i bre , energy , 

t ransport et c . )  and c ompared with other s o ftwood produc ing 

c ountries in fi gures 1 . 1 1 to 1 . 1 4 below . 
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Notes: 

l\lcOIUIlI Ucnsll,) t ilJl cuvan.l i'lalll 
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Levollzed COSI (A$lcu.m) 

380 
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F i gure 1.·9 M . D . F .  P l ant; Operating vs Capital Costs . 
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Level/zed COSI (AS/cu.m) 

Particleboard Plant 
(levelised unit costs) 

400 �----------------------------� 
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o 
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ASl.OO = USSO.75 
Discount rate: 10% 
Plant life = 20 years 

352 
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Source: HA. Simons Ltd, Comretitiveness of Australian Forest Industries, March 1990. 

F i gure 1.10 Particle Board P lant; Operating vs Capita l  
C o s t s . 
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Softwood Sa\\mill 

Operating cost (A$/cu.m) 
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Figure 1.11 Softwood Sawmill Costs . 
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I n  most o f  the figu re s  shown, New Zealand appears t o  do 

reasonably we l l  vis  a vis other c ount r ie s . Yet i nput and 
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i n f rastructura l  c o s t s  are on ly part o f  the exp l anat i o n  for 

deve l oping compet it ive advant age . Acc ording t o  Porter , lO 

the purely cost advantage view of the world cons iders only 

a limited type o f  fact or - based advant age and is there fore 

l imited i n  explaining i ndust r i al succe s s . There i s  a need 
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Figure 1 . 12 News print Mill Operating Costs . 
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t o  cons i der such aspects as segmented market s , 
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d i f fe rent i ated product s ,  technology di f ference s , economies 

of scale and so on . Moreove r ,  qua l ity features and new 

product and process innovat i on s  are cent ral in advanced 

i ndustries and segment s . Innovat i on is thus cru c i a l  t o  

economic deve l opment . 

1 .2 . 2 .  I nvestment P arameters . 

A survey o f  views o f  fore ign industry i nvestors , t ogether 
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Figure 1 .13 M . D . F .  P l ant Operating C o s t s . 
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with an extens ive evaluat ion o f  c omparat ive industry and 

tax pol i c ie s ,  and a fter tax investment returns , in New 

Zealand versus other count ries with a s imi lar surplus o f  
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s o ftwood f ibre in t he coming 1 5  years , provided a bas i s  on 

whi ch to start as s e s s ing New Zealand' s wood proces s i ng 

p rospect s . ll A compari son with the i ndu s t ry po l i c i e s  of 

Chi l e ,  in part i cu l a r ,  t ogether with a number of other 

growing economi e s , further enabled ident i f i cat i on of the 

inadequacies of New Zealand' s pol i cy settings. I t  wa s 

conc luded that the current pol icy wi l l  not attract the 
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s cale o f  inve stment neces sary to rea l i s e  the social  

e c onomic enhancement requ i red, despite the progres s  made 

s i nce the mid 1 9 8 0 s . The study spe c i f i c a l ly concluded that 

t he most probable out come i s  that the future leve l of new 

proce s s ing inve stment wi l l  be subst ant i a l ly below tha t  

requ ired t o  ensure a reas onable amount o f  added value wood 

product s l eave New Z e a land in the future . This is bec ause: 

F i rst l y ,  when r i s k  re l at ivity i s  inc luded in compar i s ons o f  

f inanc i a l  return for greenfields s it e  i nvestments , New 

Z e a l and ' s returns are mediocre compared with returns from 

greenf ields opportun i t ie s  in other c ountries with s o ftwood 

s urpluse s .  

Secondl y ,  New Zealand ' s opportun i t i e s  primarily requ i re a 

greenfie lds s i t e ,  but the se wi l l  be c ompeting with 

p r inc ipal l y  brown f i e l ds expans i on and c orporate acqu i s it ion 

opportunities  offshore . They have supe r i o r  r i s k / return 

profi les to green f i e l ds opportunit i e s  in New Zeal and . 

Thi rdl y ,  overa l l ,  fore i gn industry inve stors views o f  New 

Z e a l and are at best neutral . We are t o o  sma l l  and remot e ,  

with a perceived h i s t oiy of poor l abour market condi t i ons , 

and a l ack o f  any form o f  expl icit we l c ome mat or 

i nvi t at ion card i n  respect of forei gn i nvestment . Whi le 

overseas pol i c y  advi s ors / analyst s and b ank execut ive s  may 

app l aud New Zealand ' s economic po l i cy c hanges arid the 

result ing l ower i n f l at i on rate and more open economy , the s e  
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are not the investors in proce ss ing - rather , they are the 

purchasers o f  New Zealand debt . Industry investors require 

more from New Zeal and than low inflat i o n  and so - cal l ed 

orthodoxy in Government a l  fis cal and monetary po l i cy . 

L a st l y ,  the scale o f  new inve stment pos s ible in New Zea land 

i s  substant ial for t he industry ' s  exist ing compani e s ,  

part i c u l arly when they a l s o  have to account for regional 

investment port f o l i o  factors . Part ic ipat ion by these New 

Z e a l and corporate s  is more l i kely to i nvo lve we l l  

s tructured j o int venture s ,  provided the fore ign partn er 

f inds New Zea l and i nvestment attract ive . 

I n  the deve l opment o f  any industry , the creat i on o f  

suitab l e  human c apital i s  crucial , as i s  some degree o f  

innovat i on to the s k i l ful combinat i on o f  capital and labour 

i n  the product i on and market ing proce s s e s . So in addit i on 

to the above con s iderat i ons , one import ant element i s  the 

rate and status o f  innovat ion in the New Zealand wood 

pro ce s s ing industri e s ,  part icularly in the pivotal 

s awm i l l ing sector . 

I t  i s  c ontended in thi s work that , given a suitable l eve l 

o f  product , and e spec i a l l y  process innovat i on ,  a l l  the 

disadvantage s current ly accru ing to the New Zeal and wood 

pro c e s s ing industries would be reduced as added value 

pro c e s s ing increased . Moreover, the c omparat ive advantage 

enj oyed by New Zea l and in wood growing would be 
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compl emented and enhanced by the c ompet it ive advant age 

best owed by innovat ion in proce s s ing i n  the fore stry 

i ndust ries . 

1 . 3 .  Aims of the Re search . 
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Thi s  chapt er examined the s i z e  and importance o f  New 

Zealand' s forest and forest product s  industries . In 

part i cu l a r ,  the pivotal role of the sawmi l l ing s ect o r  was 

examined . The New Zeal and industries c o s t s  were comp ared 

with those of c ompet itors , and genera l ly New Zea l an d  came 

out at around the mid point of the range of cost 

structures. So far as investment was c oncerned, New Z e a l and 

fared as a mediocre pl ace t o  invest , i n  the eyes o f  

fore igners . Throughout , the import ance of innovat ion in 

deve loping c ompet it ive advant age was emphas i zed . 

The success or othe rwi se of an indu s t ry or economy i s  

convent i on a l ly judged as t o  how we l l  that industry o r  

economy grows . Thi s  growth i s ,  in turn , very dependent upon 

the rate of techn o l ogical advance within the indust r y . The 

forest product s i ndustry i s  important t o  New Zealan d  

because o f  i t s  potent ial to become the l argest earner o f  

foreign e xchange i n  the economy . S u c h  potent ial mus t  be 

real i sed through the achievement of a s  much dome st i c  added 

value production as pos s ible . The ma j o r  means of b r inging 

this about is through innovat ive management and produ ct i on 

t echnique s ,  whi ch impl ies a high l evel o f  technol ogy 
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change . 

Previou s l y ,  it was stat ed that s awmi l l ing provide s a 

cri t i ca l  l ink between forest growing and the rec on s t i t uted 

board industries . S awmi l l ing ,  therefore i s  the focu s  o f  

this  work , and the a ims o f  the work are fourfol d: 

( 1 )  To examine the nature and c omponent s o f  e c onomic 

growth,  with a part icular empha s i s  on the role o f  

innovat i on and techno l ogical  change in economic 

growth . 

( 2 )  To examine i n  det a i l ,  the nature and dynami c s  o f  

innovat i on and techno l ogi c a l  change . I n  

part icular ,  both market states and the import ance 

o f  a given social  mi l ieu wi l l  be exami ned t o  

a s cert a i n  their import ance and inter re latedne s s  

i n  innovat i on and technological change . 

( 3 )  To examine the deve lopment o f  the New Z e a l and 

s awmi l l ing industry in economic and phy s i c a l  

t erms u s ing an econometric framework , through the 

t imespan 1 8 8 0  to 1 9 9 0 . Thus , the e ffects o f  

innovat i on and techno logical  change o n  the output 

o f  sawn t imber and re l at ive effic ienc ies o f  

res ource in produc ing s awn t imber wi l l  be 

c ons i dered . 



( 4 )  To cons ider the nature and di rect ion o f  t he 

devel opment of sawmi l l ing t echno logy in and o f  

i t se l f ,  and thereby gain s ome understanding o f  

the rate o f  innovat ion and t echno logical change 
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i n  New Zeal and sawmi l l ing . The years 18 8 0  t o  1 9 9 0  

wi l l  be used once aga in . 

The f o l l owing chapte r  examines the de f i n it ions and me anings 

of innovat i on and technological change , and the i r  

interrel atedne s s  with economi c growth . 
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CHAPTER 2. TECHNOLOGICAL CHANGE AND ECONOMI C GROWTH . 

2.1. Int roduct ion . 

I t  was stated in the previ ous chapte r  that the succe s s  or 

othe rwi se of an industry is convent i ona l l y  j udged by i t s  

economic growth rate , and thi s in t u rn i s  dependent upon 

the rate of t echnological advance within the indust ry . In 

this chapte r  the meanings , importance and inter relat edne ss 

of techno l ogical change , innovat ion and economic growth 

wi l l  be examined . 

It  i s  a lmost a t ruism that technical advance i s  perva s ive 

in modern societ ies . I t  i s  looked t o  s o  that , i n t er a l i a, 

the worst e ffects o f  dep l et ing natural resources are 

ame l i orated, inflat i on is moderated by product ivity 

increases , balance o f  payment s defi c it s  are improved,  

economic growth might be speeded up , famine i s  e l iminated 

by bio engineering, cancer might be cured, heart di s ease 

les s ened and so on . Faith in techn o l ogical change i s  

bol stered b y  such achievement s a s  computers , the l anding o f  

man on the moon , heart t ransplants and t e lecommunicat i ons . 

I t  i s  achievements such as the s e  tnat mark human beings out 

from other l i fe forms on earth . 

At root , techni cal advance i s  dependent upon the abi l it y  o f  

human beings to learn and unders tand basic principles  about 

the world and t o  con s o l i date these principles into the act 

o f  product i on and economi c ga in . The act of b ringing 
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consol idated principles ( in whatever form) into production,  

imp l i e s  that they are brought into a market ing system,  in 

o rder that t hey may be t raded . Thi s may be broadly t e rmed 

" innovat i o n " . The breadth o f  this view be l ie s  deeper and 

i nt erwoven a spect s of innova t i on and i gnores the i nt e r  

r e l at i onships between innovat i o n ,  techno logical change and 

e conomic growth . 

2.2. Economi c Growth . 

E conomi c growth has been one o f  the dominant forces i n  

industrial n at ions ove r the past two o r  three centuri e s ,  

and i t  re lates t o  society ' s  growing ( o r  decl ining)  c apacity 

to provide t he mate rial bas i s  for human and s o c i a l  

exi stence . I t  has been the s ource o f  s ome o f  

industrial i z at i on ' s greatest t riumphs : it h a s  rai sed l iving 

st andards to l eve l s  where l e i sure , trave l and luxury goods 

are within the reach of ordinary peop l e  for the f i r s t  t ime 

in hi story . Economi c growth has a l s o  been the s ou rce of 

spectacu l a r  fai lures - incl uding p o l lut ion o f  the a i r ,  

wat e r  and l and by chemi ca l s ,  heat and noise . 

E conomic growth i s  de fined a s  " a  l ong - term r i s e  in 

c apac ity t o  supp l y  increasingly diverse economi c goods t o  a 

nat i onal popul ace , this growing c apac i t y  based on advancing 

t echnology and the inst itut i onal and i deological 

adj ustment s that it demands . " 1 There fore , it r e l at e s  to 

the rate o f  change o f  the rate o f  product ion o f  a commun ity 



� 

31 

over a given t ime peri od (usually a cal endar yea r )  and may 

be measured in terms of the rate of increase ( o r  dec reas e )  

o f  s ome mea s u re of nat i onal product , f o r  example ,  gro s s  

dome s t i c  product ( G . D . P . ) . 

2 . 2 . 1 .  Component s of E conomi c Growth . 

Todaro2 has s uggested that the ma j o r  fact ors in or 

component s of economic growth in any society are : 

1 .  Capital a ccumulation, inc luding a l l  new inve stment s in 

land, phy s i c a l  equ ipment and human re sources . Capital 

accumu l at i on resul t s  when some proport ion o f  present income 

i s  s aved and invested in order to augment future output and 

income . By f orego ing consumpt i on of product in the present , 

highe r leve l s  o f  consumpt ion are fac i l itated in the future . 

Thi s  proce s s  can t ake many forms , from the bui lding o f  new 

product i ve c apacity through to less obvious and mo re 

indi rect way s  such as increas ing the educat i onal and 

techn i c a l  e xpert i se of an economy ' s popul at i on . 

Thu s ,  at the core o f  the growth process , two great 

s t ructur a l  shifts must t ake p l ace . First l y ,  a shi ft o f  

e f fort within the capital sector t o  increase i t s  own 

product i ve c apac ity and secondly ,  a shi ft o f  effort f rom 

the consumpt i on sector t o  the capital sect o r ,  and a need t o  

ut i l i ze t h e  g rowing vo lume o f  equ ipment which emerges from 

the enl a rged capital sector . 
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2 .  Growth in popu l ation, and there fo re , a lthough de l ayed, 

growth in the l abour force . P opu l a t i on growth and the 

a s s o c i ated, a lthough de l ayed, increase in the labour force 

has t radit iona l ly been cons idered a posit ive factor in 

st imulat ing e conomic growth . A l arger l abour force means 

more product ive manpower ,  whi l e  a large r overal l popu l at i on 

inc reases the s i z e of domest i c  market s ,  and therefore 

demand . Given appropri ate t raining and educat ion,  that i s ,  

by increa sing the leve l o f  human capital , productivity o r  

output p e r  head o f  l abour force wi l l  a l s o  increase . 

3 .  Technologi cal progre s s . To many wr ite r s ,  for example , 

Marx , Schumpete r  and Mans field,  techno l ogical progre s s  o r  

techno logical change i s  the most important source o f  

economic growt h ,  and it i s  cent ral t o  this expos it i on . 

Accordingly , i t  i s  dealt with s eparat e l y  below . 

2 . 3 .  Technologi ca l  Change . 

I n  the f i rst instance it i s  necessary to de fine what i s  

meant b y  techn o l ogy before the process o f  technological 

change can be e xamined . Tradit i ona l l y ,  techno logy has been 

de fined var i ou s l y  as " �he sum o f  knowledge of the means and 

methods of producing goods and services " 3 ,  or as a " po o l  

o f  the social  arts o r  knowledge o f  the indust rial a rt s . " 4 

A more focused and therefore useful de finition i s ,  " a  s e t  

o f  pieces o f  knowledge , both di rect l y  pract ical ( re l at e d  t o  

concrete problems and devices ) and theoretical (but 



pract i c a l l y  app l i cable )  knowhow, methods , procedure s ,  

expe rience o f  success and failu res , and a l s o  phy s i ca l  

devi ces and equ ipment . " s Thi s  de f in i t i on point s t o  s ome 

import ant aspe c t s  of technol ogy . 

3 3  

F i r s t l y ,  the de finit i on admits the i dea o f  methods o f  

o rgani s at i on a s  we l l  as of phy s i ca l  t echn ique . A famous 

example of t h i s i s  the introduct i on and use of the as semb l y  

l ine b y  Henry F ord . Secondly ,  techno l ogy i s  not mer e l y  

app l ied sc ience because technol ogy c a n  run ahead o f  

science . For e x ample , things c a n  o ften b e  done without a 

pre c i se knowledge as to how and why t hey work , except that 

they are effect ive . Moreove r ,  the de finit ion point s  t o  t he 

import ance o f  " di sembodied" techno l ogy . A machine ope rat or 

may find a more e ffect ive way o f  u s ing a given machine a s  

h e  g a i n s  exp e r i ence with it . There fore , a new procedure 

evo lves which,  whi le pertaining to the machine , is not part 

o f  i t . I t  i s  d i s embodied . 

In general howeve r ,  mode rn t echnology i s  increas ing l y  

sc ience based and rather than r e l y ing o n  an acqu i red ski l l ,  

i s  eas i ly commun i cable by demon s t rat i on and printed 

material  to those qua l i f ied to recei ve it . Clearly,  the 

deve l opment o f  appropriat e  human cap i t a l  i s  es sent i a l  i f  an 

economy i s  t o  e xperience any degree o f  technologi c a l l y  

based growth . 

Techno l ogical change i s  the corol l ary o f  technology ; 
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t yp i c a l l y  i t  imp l ies product ivity rai s ing improvement s .  

Thu s  technological  change result s from new and improved 

ways of accomp l i shing t radit ional tasks , or the rep l acement 

o f  an exist i ng techno l ogy with a newe r  one . There a re three 

bas i c  class i fi cat ions of t echno logical change : neut ra l ,  

l abour s aving and capital s aving . 

Neut ral technol ogical change refers to the inst ance whe r e  

higher output l evel s  a r e  achieved with the same quant it i e s  

and combinat i on s  of inputs . Put different l y ,  productivi t y  

( the rat io o f  output s to input s )  has increased . 

A l abour saving technological change i s  achi eved when there 

are higher l eve l s  of output with l ower l eve l s  o f  l abour 

input s . Aga inst thi s ,  capital s aving t echno logical change 

occurs when t he re are highe r leve l s  o f  output , but with 

fewer capital i nputs . Capital s aving t echnological change 

is a re l at i ve ly rare phenomenon because almost a l l  o f  t he 

wo rl d' s s c i ent i fic and techno logical research i s  c onducted 

in countries whe re relative labour scarcity i s  usual . 

2.3 .1. Early Obs e rvat ions on Technologi cal Change . 

T radit i ona l l y ,  t echnological change was t reated as 

exogenous t o  economic systems , impl ying that i t  was t re ated 

as a given cha racteristic of the envi ronment that i s  

� determined out s i de economic systems . Even now many 

economics t e x t s  t reat technol ogy in thi s fashi on . Yet 
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recogn i t i on o f  the role o f  economic gain in the achievement 

of techn i cal advance can be traced back at least to the 

" fathe r "  of modern phi l o s ophy , Rene De scartes : 

"As for mys e l f ,  I am persuaded that i f  I had been 

t aught in my youth a l l  the t ruths of whi ch I h ave 

s ince s ought demonst rat ions , and i f  I could have 

learned t hem without di fficult y ,  I might neve r  

have learned any others , or a t  least , I would 

never have acqui red the habit and abi l ity that I 

b e l ieve I posses s , a lways to fin d  t ru t h s  i n  

proport i on t o  t h e  efforts I made t o  fin d  them . . .  

I t  i s  t rue that a s  far as the re l ated experiment s 

are concerned , one man i s  not enough to do them 

a l l ,  but he could not usefu l l y  emp l oy other hands 

t han h i s  own ,  unl e s s  those of wo rke rs or othe r  

persons whom he could pay . Such people wo uld do, 

i n  the h op e  of gain ,  whi ch i s  a very effe c t i ve 

mot i ve, preci sely what they are t o l d .  As for 

those vo lunteers who might o ffer to do it out o f  

curi o s it y  o r  the de s i re t o  learn , be s ides that 

o rdinar i l y  they are stronger in promi ses than in 

perfo rmance and they make nothing but beaut i fu l  

propo s a l s  o f  whi ch none eve r  succeeds , they wou l d  

infal l ib l y  expect t o  b e  p a i d  by the expl anat i on s  

o f  some di fficu l t ie s ,  or a t  least i n  comp l iment s 

and u se l e s s  conve rs at i on ,  which wou l d  neces s a r i ly 
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that t he a s s i st ance would be a net 10ss . 6  
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One hundred and fi fty years after these words were wr itten,  

Adam Smith recognized the importance of technol og i c a l  

change in e conomic act ivity b y  i dent i fying the two 

ingredient s that make technological advance an economic 

act ivity i t s e l f . ?  F i rstly , it i s  done to gain an 

advant age , such as eas ing one ' s work,  and secondly ,  it 

requ i re s  the i nve stment o f  money . Yet he st i l l  fa i l ed t o  

comb ine them into a theory o f  techn ical advance a s  a 

de l ibe rate e c onomic proce s s . Malthus and Ri cardo we re a l so 

conce rned with the impact o f  technical advance , e spec i a l ly 

in the form o f  improved machinery on the displ acement o f  

l abour but regarded it a s  exogenous t o  the econom i c  

syst em . 8 The wo rk of Kar l Marx9 combined an interest i n  

the fundament a l  mechani sms o f  capit a l i st society with a n  

analys i s  o f  how techno logical change itself  w a s  tak ing 

p l ace . 

For around 1 0 0 years after these economi sts had written , 

techno l ogy wa s as sumed as a k ind o f  static datum in 

analy s i s ,  e ffective ly as sumed away vi a ,  inter a l i a ,  the 

cet e r i s  paribus assumpt i on . Theorists  were conce rned with 

qu�s t i ons about resource a l locat i on in the short run , when 

the capit a l  s t ock was assumed to be fi xed, and i n  the l ong 

run , when i t  was a l l owed to vary in certain ways . Thi s  type 

of analys i s ,  a l ong with the compa rat ive stat i c s  techni que, 
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was ( and i s )  not part i cularly usefu l  in shedding l ight on 

the proce s s  of growth,  l arge l y  because it can on l y  dea l  

with a sma l l  number o f  variables a t  di screte time int e rva ls 

and under re s t r icted condit i ons . Technical condit i ons were 

t reated a s  e xogenous , that i s ,  as variables not determined 

by the s ystem under study . General l y ,  investment was 

a s sumed to be the cause o f  growth . 

I n  a remarkab l e  study carried out in 1 9 5 6 ,  Robe rt S o l ow10 

attempted to provide a stat i st i cal expl anat i on for the 

causes o f  Un ited States manufacturing growth over the 

per i od 1 9 1 1  t o  1 9 5 6. H i s  ma j or conclus ions we re that 1 2 . 5 

percent o f  the obse rved growth of labour product i vi t y  could 

be expla ined by increment s t o  the capital st ock , whi l e the 

rema ining 8 7. 5 percent was a stat i st i cal res idual whi ch 

c ould be exp l a ined by something l i ke " an improvement t o  

p roduct ivi t y "  o r  an " unexplained technological change " .  The 

study showed that the rate o f  investment was ( i s )  not 

important a s  an expl anat ion o f  growth,  but r ather the 

product ivi t y  o f  inve stment i s . 

I n  es sence , t he concern i s  t o  make technological change an 

endogenous variable within the economic system, s o  t hat it 

i s  affected by and in turn affect s change s within that 

, system . The devel opment of this form o f  anal ys i s  is t aken 

up in the fo l l owing chapter .  

2 . 4 .  Innovati on . 
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I n  order t o  successfu l l y  deal with innovat i on in t h i s  work, 

i t  is nece s s ary t o  arr ive at a working de fini t i on . 

P revi ou s l y ,  at the beginning o f  this  chapt e r ,  innovat ion 

had been b r i e f l y  referred t o  a s ,  " The act of br inging 

cons o l idat ed p r i nciples ( in what ever form) into p roduct i on ,  

implying t hat t h e y  are brought i n t o  a market ing system, in 

o rde r that they may be t raded . "  It is nece ssary t o  expand 

on these not i on s . The fo l lowing sect ion s ,  ( 2 . 4 . t o 2 . 4 . 5 . )  

wi l l  examine the dimen s i ons , meanings and i mp l i cat i ons o f  

innovat i o n ,  before bringing a l l the aspect s t ogether as a 

de fini t i on t owards the end . 

I nnovat ion can be simply de fined a s  the int roduct i on o f  new 

p roduct s or product i on proces s e s . l l  However ,  this outward 

s imp l i city h i de s  a numbe r o f  import ant aspect s o f  

innovat ion . 

F i rs t l y ,  i nnova t i on i s  a proces s .  There fore , there i s  a 

t ime dimen s i on t o  it , and the s igni f icance o f  thi s i s  t hat 

' new'  product s o r  proces ses do not j ust sudden l y  appea r  at 

a given instant in t ime . The h i story o f  a given new product 

or process may stretch back many years to a numbe r o f  

important antecedent s which c o u l d  have been unrel ated 

di scoveries i n  various di scipl ines of pure research . F o r  

example ,  t h e  process o f  the i nt roduct ion o f  nuc l e a r  

reactors i n  t he gene rat i on o f  e lect ricity cou l d  be t raced 

� back to the recognit i on by Einstein of the equ iva lence of 

matter and ene rgy in the year 1 9 0 5 . 

• 
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Secondly ,  innovat i on can mean the int roduct i on o f  a new way 

o f  produc ing an exist ing product o f  service , as we l l  as the 

int roduction o f  a new product ( e ither consumer o r  c ap it a l )  

o r  s e rvice i n  a given market . Put s l i ght l y  different l y ,  

product innovat i ons involve deve l opment o f  new o r  improved 

products or s e rvices , whereas proce s s  innovat ions are 

technical  advances that reduce the cost o f  producing 

exist ing products or service s . Thus , product innovat i ons 

reduce the cost o f  s at i s fying e x i s t i ng needs or the 

creat i on of new p roduc t i on funct i ons . P rocess i nnovat ions 

represent upward shi ft s in the production funct i on . 

Often , the c l a s s i ficat i on o f  innovat i ons depends upon one ' s 

perspect ive . F o r  example , a new computer i s  a p roduct 

innovat i on from t he st andpoint of the manufact u re r s  but i s  

a cost reducing i nnovat i on from the point o f  view o f  say , 

banks and account ants . I n  this sense , there i s  probab l y  

l it t l e  point i n  dist ingu ishing between process and product 

innovat i ons , so unless such a dichot omy is germane to the 

di scus s i on ,  it wi l l  not be made . 

Thi rdl y ,  organ i s ational innovat ions are pos s ib le ,  

part icu l ar l y  i n  the sphe re o f  p roduct i on . Capital equ ipment 

can rema in una l t ered, but the organi s at ion of t he equ ipment 

and personne l ,  and the re l at ionship between cap i t a l  and 

l abour can be a l t ered . Henry Ford innovated the 

o rgani sation o f  the product ion l i ne ,  us ing exist ing cap i t a l  

equipment , a n d  the advent o f  f a s t  food chains , part i cu l a r l y  
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McDona lds , demonstrated what was o rgan i s at i on a l l y  pos s ib l e  

in that indust ry . F o o d  i s  st i l l  cooked and prepared a s  

previ ou s l y ,  but through standardi s at ion and o rgan i s a t i onal 

innova t i on , the time between receipt o f  an order and t he 

de l ive ry o f  that order t o  cust ome r ,  i s  drast ical l y  reduced . 

Moreover , the McDonalds hamburge r produced in Mo s cow i s  

supposedly identical t o  the one produced i n  Auckland . 

Fourthly,  innovat ion can be subdivided into four proc e s s es : 

invent ion ,  ent repreneurship , inve stment and deve l opment . 1 2 

Thi s  a rrangement would seem t o  be the l ogical orde r  o f  

innovat ion processes ,  although they do overlap . F o r  

examp l e ,  investment dec i s i ons could b e  made by 

ent repreneurs about each o f  i nvent i on and deve lopment . For 

ease o f  convenience , these processes  wi l l  be dea lt with in 

the fol lowing o rde r ,  i nvent i on ,  ent repreneurship , 

investment and devel opment . 

2 . 4 . 1 .  Invent ion . 

Invent ion can be said to be the bringing int o being o f  new 

t echn iques or p ieces o f  equipment for the perfo rmance o f  

tasks . I t  doe s  not cons ider the introduct i on o f  new 

t e chn iques or p roducts into the product ion and market ing 

system . Thus a new product c an be invented, but i t  is  not 

nece s s a r i l y  put on the market . S im i l a r l y ,  a new product ion 

method o r  process can be invented,  but it i s  not 

nece s sari l y  used a s  an item of product i ve cap it a l . 



Genera l l y ,  there a re three theories o f  invent ion : t he 

t rans cendent a l i st , the mechan i s t i c  and the cumu l at i ve 

proce ss . l3 Each i s  di scus sed be l ow . 

4 1  

The t rans cendent a l i st l 4  view i s  that which empha s i z e s  the 

l one or individu a l  geniu s . Through one creat ive thought , or 

fl ash of i n s i ght , the reclus ive eccent r i c  make s a great 

technologi c a l  impact . Accordingl y ,  t he l ive s o f  mi l l ions of 

people are fo rever altered . 

The mechan i s t i c1 5  view pos it s  the not ion that i nvent ion 

p roceeds unde r t he s t re s s  o f  nece s s i t y ,  with need di ctat ing 

and t echno l ogy c ompl ying . In this  formu l at ion , invent i on i s  

pl aced in t h e  e conomic m i l ieu and i s  seen a s  ent i re l y  

endogenous t o  any given economi c s y st em . The role o f  the 

individual gen i u s  is minimised or re j ected out r i ght . 

The thi rd view,  the cumu lat ive proce s s , 16  has i nvent i on 

a r i s ing from a cumulat i ve synthe s i s  from what has gone 

be fore . In t h i s  view, an act of i n s i ght is requ i red,  and an 

indivi dual may p l ay an important r o l e  in the s o lut ion o f  

techni cal problems . Howeve r ,  such i ndividua l s  are not 

reclus ive geni u s e s  working a l one , nor are they pushed as ide 

nor insign i fi c ant i n  the onrush o f  an inevitable h i st orical 

proces s . By a s ynthe s i s  of p revi ous knowledge and an act o f  

ins ight , a d i s cont inuity may b e  overcome . Thus , i nvent i on 

� i s  ne ither d i vo rced from a s o c i a l  and economi c mi l ieu , nor 

is it abs o l ut e l y  a determini s t i c  phenomenon . I nvent i ons 
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occur ' in the i r  own good t ime ' , re sponding more or less t o  

the demands o f  societ y , yet not ful ly pre-orda ined by 

hi storical and techno l o g i c a l  progres s .  

Cumu l at ive synthesis i s  probably the most rea l i st i c  theory 

of invent ion,  because it p l aces invent ion in a re l at ive l y  

p r o s a i c  l ight , whi le sugge s t ing that it a r i s e s  out of past 

techno logical activit y .  

2 . 4 . 2 .  Ent reprene urship . 

Within a firm ,  the ent repreneurial funct ion i s  concerned 

with the financ ing of the supply of c apit a l  of the firm, 

o rgan i s ing product ion by buying and o rga n i s ing input s ,  

dec iding on the rate o f  output in the l ight o f  est imat es of 

demand and bearing the r i s k s  i nvolved in such 

activit ies . 17 

S o  far as innovat ion i s  c oncerned, ent repreneurship 

i nvo lves dec i ding to go f o rward with the innovat ional 

e ffort , organ i s ing that e f fort and obtain ing financial 

support . In s ome respect s ,  the firm ent r ep reneur i s  

i dent i fi able with a k ind o f  ' product champion ' who sees an 

i dea from i t s  early s tages through t o  the product l aunch or 

the int roduct i on of a new product ion method and beyond . 

I n  many instances , dec i s i ons t o  innovate within a firm are 

sub j ect to much pol i t ic a l  debate and manoeuvre . The 
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pe rsuas ive ski l l s  o f  the ent repreneur are paramount in 

gaining support for the deve l opment and introduction of a 

p roduct o r  i dea . 

2 . 4 . 3 .  Deve l opment . 

Typical l y ,  devel opment tends t o  be a much more expens ive 

act ivity than invent i on . The fol lowing t able shows the 

divis ion of costs incurred in bringing an invent i on t o  

market . 18 

4 3  

Stage Ave rage % of total 
cost aris ing at 
each stage . 

1 App l i ed research 

2 Spe c i f icat i on s  

3 Prototype o r  pi l ot plant 

4 Tool ing and manufacturing fac i l it i e s  

5 Manufacturing start up 

6 Market ing start up 

9 . 5 

7 . 6  

2 9 . 1  

3 6 . 9  

9 . 1  

7 . 7 

F i gure 2 . 1  Divi s ion o f  Cost s  Incurred i n  Bringing an 
I nvention to the Market 

Clearly ,  the app l i ed research and spec i fi cat ions account 

for only 5 pe rcent to 1 0  percent of the cost s ,  whi le the 

remainde r ,  whi ch could be t e rmed the ' commerc i a l i sat i on '  or 

' deve l opment ' phases , are at least ten t ime s the cost o f  

the invent i on phas e . The t ime t aken t o  complete t he s t age s 

a l s o  var i e s  c on s i derably . 1 9  The prototype or p i l ot p l ant 

stage usua l l y  t ake s up t o  5 0  percent o f  the t ime t aken to 

achieve the who le i nnovat ion proces s . S t age s 1 and 4 also 
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t ake up a c o n s i de rabl e  amount o f  t ime , t ogether account ing 

for about 3 0  percent of the total . 

2 . 4 . 4 .  Inve s tment . 

I n  deve l op i ng an invent ion , f i rms commit funds i n  the hope 

o f  future benefit s . The r i s k s  invo lved can be broadly 

catego r i sed a s  two type s ;  techn ical risk and market risk . 

Techn i c a l  r i sk refers t o  the po s s ibi l ity o f  be i ng thwarted, 

in that no s a leable output wi l l  result from the invent ion 

and deve l opment proce s s . Market r i s k ,  on the other hand, 

refers to the l i kel ihood ( or otherwi s e )  of commerc ial 

succes s  o f  a given techn o l ogical deve lopment . 

2 . 4 . 4 . 1 .  Technical Ri s k . 

The l a rger the magnitude o f  the s i z e  and complexity of a 

technological  advance envi s i oned by a f i rm ,  so 

c orre spondingly , wi l l  be the magnitude o f  the t echnical 

r i s k . The l i ke l ihood of bringing a radical new concept to 

market fru i t i on i s  more uncertain than bringing a 

re lat ive l y  ' mundane ' change t o  the market . 

F i rms can cont r o l  for the degree o f  techn i c a l  r i s k  by 

init i at ing a range o f  pro j ects and select ing f rom those 

s howing promi s ing progre s s . Thi s means t hat r i s k  is spread 

o ver a range of opt i ons , and the l a rger the f i rm ,  the more 

able it i s  to spread r i s k s  across a wider range o f  opt ions . 
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A United S t at e s  study , 20 invo lving a l a rger company 

sponsoring 7 0  pro j ects , showed t hat the expected 

probab i l i t y  o f  technical succe s s  in about three quart e rs of 

the cases exceeded . 8 0 .  S even pro j ect s had expected 

probab i l i t i e s  of succe s s  l e s s  than . 6 0 .  When the s e  

expect at i on s  we re compared w i t h  actual result s ,  4 4  percent 

of the pro j e ct s were succe s s fu l . 1 6  percent fai l ed because 

of unforseen di ffi cult ies and a l a rge number fa i l ed because 

o f  de l iberate company pol icy . In 9 pe rcent o f  case s , the 

ob j ect ive s  o f  a pro ject were changed and in 1 8  pe rcent , 

manpower was diverted to other u s e s . The same study showed 

that the f i rm concentrated on short run pro j ects . 

2 . 4 . 4 . 2  Market Ri s k . 

There are a great many factors that wi l l  influence the 

commerci a l  outcome of a given innovat i on . Wherea s  techn ical 

risk i s  l arge l y  determined by the technical competence of 

re search and deve lopment teams , market risk is more 

sus cept ible to extra - f i rm i n fluences . An Ameri can 

study21 showed t hat 4 5  percent o f  fai lures could be 

att ribute d  to inadequate market ana l y s i s  and weak market ing 

effo rt . I t  c annot be overemphas i z ed that asse ssment o f  

market potent i a l  i s  a cruc i a l  funct ion i n  the innovat i on 

proces s . 

2 , 4 . 5 .  The D e finition o f  Innovati on . 
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Whi l st i t  has been suggested that innovat i on can be defined 

as " the int roduct ion of new product s and product i on 

proce s se s " ,  t h i s  ignores t he component proce s ses of 

i nven t i on ,  entrepreneurship , inve stment and deve l opment . 

Each i s  an imp o rt ant part o f  the innovat i on proces s ,  and 

without any o f  them, innovat i on wou ld not occur . The re is a 

cons i de rable degree o f  over l ap between each o f  the 

component proce s ses , for example , invent ion and deve l opment 

imp l y  inve stment in t ime and resources , on the part of 

ent repreneurs . I t  is  exceedingly di fficult , and probab ly 

p o i nt le s s , t o  t ry to d i s entangle one proce s s  from the 

othe r . Broadl y ,  they s e rve a useful taxonomic arrangement 

fac i l it at ing a conceptual i s at ion of a l l  the aspect s of 

innovat i on . However,  t h i s conceptua l i sat i on may not be 

part icularly u s e ful in emp i rical work as current 

measurement t e chniqu e s  do not al low such fine 

d i s t inct i ons . 2 2  Accordingly , innovat ion sha l l  be defined 

as " a l l  thos e  activit i e s ,  from bas i c  research to 

i nvent i on ,  ent repreneurship,  investment and devel opment 

that give r i s e  t o  a new p roduct , servi ce or o rgani sat ional 

form in an e x i s t ing or new market , or new me ans of 

product ion o f  an exi s t in g  product or service , in a 

product ive system . " 

By adopt ing t h i s  def i n it i on ,  a l l  the aspect s and fine 

di st inct i ons o f  innovat i on are acknowledged, whi l e  a l l owing 

that the di sent angl i ng of them in empi rical  work i s  

�probab l y  imp o s s ible , i f  n o t  point less . The wording " or new 
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means o f  product i on i s  de l i berat e ,  because it a l lows for 

new o rgani s at i onal forms in product i o n ,  even i f  the capital 

equ ipment rema i n s  una lte red . The method by which it i s  

intended t o  capture the process o f  innovat ion i n  emp i r i c a l  

work i s  left unt i l  a l a t e r  chapt e r . 

2 . 5 .  Summa ry 

I n  this chapt e r  it was sugge sted that one of the s a l i ent 

character i st i c s  o f  human be ings i s  that they are invete rate 

users  of techn o l ogy , and sugge sted that the use of 

t echno logy , by i ncreasing the p roduct ivity o f  human beings , 

i s  an important component o f  economi c growth . I t  wa s argued 

that the ma j or component s o f  economic growth are capital 

accumu l at i on ,  populat ion growth and technological change . 

S o  far a s  economic growth i s  concerned, the c l a s s i ca l  and 

neo c l a s s ical e conomi c paradigm t ended to ignore 

t e chnological change as an import ant e lement by as suming 

that it was exogenous to the economic system . Apart from 

such writers a s  Marx and Smith, i t  has only s ince S o l ow 

publ i shed h i s  p i oneering work in 1 9 5 7  that attent i on has 

once again focused on the importance of technological 

change and innovat ion . 

The act o f  bringing new techno l ogies into the product ive or 

market m i l i eu i s  innovat i on ,  and this was examined . A � 

definit i on o f  i nnovat i on was deve l oped t o  fac i l itate 
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d i s cu s s i on and invest i gat i on throughout the remainder o f  

t h i s work . 

The next chapter wi l l  focus on recent t reatment s o f  

t echno logical change and i nnovat ion,  and then move o n  to 

c ons ider why innovat ion mi ght happen . Que s t i ons wi l l  be 

e x amined as t o  the market states that mi ght encourage 

i nnovat i on ,  technol ogical paradigms , evo lut ionary theories 

i n  economi c s , the importance of techno l ogical change in 

Kondrat i e f  cyc l e s ,  and s o  on . There wi l l  be s ome di scus s ion 

as t o  the u s e fu lness of current theory in capturing the 

ful l r i chne s s  of techn o l ogical change in capit a l i st and 

m i xed economi e s . 
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CHAPTER 3 .  MODELS OF INNOVATION AND TECHNOLOGICAL CHANGE . 

3 . 1 .  Introduction . 

This chapte r  w i l l  examine various t re atment s o f  innovat i on 

and techno l o g i c a l  change , with a view to capturing s ome o f  

the relationships that might e x i st between market s t ates , 

innovat i on and t e chno logical change . The nature and 

import ance o f  a given social system wi l l  be examined to 

understand why t e chno logies t ake the forms and funct i ons 

they do . 

50 

The previous chapter cons idered the phenomenon o f  e c onomi c 

growth and b r i e f l y  l o oked at the r o l e  of techno logical 

change and innovat ion in economic growth . It was argued 

that the neo c l a s s ical economi c paradigm tended to t reat 

both tecnno l og i c a l  change and innovat ion as exogenous t o  

the e conomic s y s t em, thereby forest a l l ing any e xaminat i on 

o f  real wor l d  e conomic syst ems . I t  was argued t hat there 

was a need to make technological change endogenous t o  the 

economi c system,  both to bed the exp l anat ion for 

techno logical c hange within the s ystem itsel f ,  and to show 

how t echno l og i c a l  change both influences , and i s  influenced 

by , economi c g rowth . Thu s ,  techno l ogy and techno logical 

change c ou l d  n o  l onger be " given s " for an economi c s ystem, 

but int egra l to it . Put s imply , e conomic behavi our i t s e l f  

c ou l d  help g i ve rise t o  technological change . 
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The work o f  Joseph Schumpeter1 i n  the fi rst half o f  the 

t went ieth century po inted the way t o  embedding 

t e chno logical change into economic systems by arguing that 

t he lure of pro f i t s  acted on entrepreneurs to bring new or 

imp roved product s and services to market s .  He argued that 

mo st compe t i t i on was not of the "price " variet y ,  as wa s 

sugge sted by the neo c l a s s ical mode l of perfect 

c ompet it i on ,  but of the " non - price"  variet y ,  typically 

f ound in market s showing some degree o f  monopoly ; that is  

i n  nearly all  market s . 

S chumpeter has been vi ewed as a techno l ogy push advocate in 

t he debat e , whereas , the work of Jacob S chmookler2 , argues 

t he case that t he al l ocat ion o f  re s ources to invent ive 

act i vi t i e s  can be substant i a l l y  .exp l ained in terms of 

individu a l s  act ing in response to future pro f i t ,  as these 

e xpectat i ons are shaped and influenced by the complex of 

s o c i o  - economic changes . Far from being the product o f  

autonomous forc e s , there fore , technological progre ss c a n  be 

studied and exp l a ined as the outcome of society ' s  demand,  

as expre s sed i n  the market p lace , for specific categories 

of invent ion . Put s impl y ,  this  i s  a demand pu ll view po int . 

G iovanni Dos i 3 ,  on the othe r  hand, has s uggested that 

t e chnol ogies t yp i cal l y  di splay a un ique opportunity set of 

potent i a l  deve l opment and change , and a rgued that 

deve l opment occurs a l ong a t echno l og i c a l  traj ect ory . 
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H aving estab l i shed a mode l by which technological change is 

p l aced within an economic system, it i s  reasonab l e  t o  ask 

whether o r  not t echno logical change move s a l ong 

t ra j ectories determined by techno l ogy supply , market 

demand,  or whether there is an inexorable and det e rmini stic 

l ogic to change a s  offered by the nature o f  the techno l ogy 

i t se l f . The i s sue be come s one of whethe r or not t he re i s  a 

" demand - pul l "  o r  a " techno l ogy - pu sh" phenomenon wh ich 

influences the t ra j ectory of techno l ogical change and 

deve l opment . 

I n  each instance , general conclu s i ons relat ing t o  the 

theories and research of the mode l s  of Schumpete r ,  

S chmookler and Dosi are o ffered, a l ong with an attempted 

s ynthe s i s  of the mode l s . Thi s  wi l l  act as a prelude t o  

moving into the next chapter which deve lops a re search 

framework and a s sociated methods . 

3 . 2 .  The S chumpeterian Breakthrough . 

Joseph Schumpeter was one the few economi s t s  in the f i rst 

hal f of the twent ieth century who both que st i oned the 

stat i c  underpinning of neo c l as s i ca l  economi c s  and 

s imu ltaneou s ly suggested an alternat ive approach . 4  

�Schumpete r  set out to i dent i fy an endogenous expl anat ion of 

economic and productivity growth,  and a mechani sm that 
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wou l d  generate l ong term cont i nuity,  along with per s i st ent 

fluctuat ions in the growth of t otal output . In short , he 

wanted to de s c ri be a system close r  to rea l ity than hitherto 

had been the case . 

H i s  st a rt i ng p oint was the role of profits in the evo lut ion 

o f  the capi t a l i s t system, which he s aw a s  providing an 

i mport ant mot ivat ing funct i on to ent repreneurs . With 

pro f i t s  act ing a s  a lure t o  ent repreneurs to innovat e ,  

e ither product i on cos t s  were l owered o r  new product s we re 

brought into markets . Thi s energi s ing role of pro f i t s  

ensured that economi c growth wou ld ensue i n  the f i rst 

p l ace , and without profit s ,  the system wou ld not funct i on . 

By a s s uming that ent repreneurs , att racted by the lure o f  

profit s ,  innovate new product s ,  processes and 

organ i sat ional s ystems , technological change was brought 

about and e conomic growth was the result . 

I nnova t i on , for Schumpeter , could t ake five ma j o r  forms ; 5  

1 The i nt roduc t i on o f  a new good or a new qua l ity 

of good . 

2 The introduct i on o f  a new product i on proce s s  (not 

nece s s ari ly one based upon sc ient i fic d i s covery )  . 

3 The opening up o f  a new market . 
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4 The deve lopment o f  a new source o f  input supply . 

5 Change s in industrial organ i s at i on . 

Broadly speaking , anything t hat increased e f f i c i ency in 

re source use was regarded by Schumpeter as an innovat ion . 

In Schumpet e r ' s formulation,  invent ion and ent repreneurship 

we re separate ; an invent or might not nece s s a r i l y  be an 

ent repreneur and vice vers a . The important thing was the 

act of ent repreneurship that brought an invent i on t o  

market . 

Given that a successfu l  new product or new method o f  

product i on cal l e d  forth extra or higher or supe rnormal 

profit s ,  then t hat same act of innovat i on wou ld cal l forth 

imitat i on by competitors , thereby eventua l l y  e roding the 

supernormal pro f i t s  of the innovat o r . The sooner imitat ion 

occurred, the s o oner the profits were eroded,  and the less 

l ik e l y  a f i rm wou ld engage i n  innovat ive act ivity . 

F o r  S chumpeter ,  it was in markets that were characteri sed 

by monop o l y  condit i ons that innovat ion occurred . The next 

sect i on e xamines s ome of thi s reasoning . 

3 . 2 . 1 .  Market States i n  the Schumpeterian S chema . 

S c humpete r  a rgued that monopoly was an ine f f i c i ent form o f  
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market organ i sat i on on ly i f  compet it i on occurred pure l y  in 

t e rms o f  price . 6  Clearly,  much compet it ion i s  o f  the non 

price variet y ,  with many f i rms deve l oping new product s ,  

s e rvice s , proc e s s e s ,  and so on . Accordingly,  fo r 

S chumpeter , the re sources requ i red t o  devel op these new 

product s and s e rvices could only come from superno rma l 

profits made ava i l able in markets and industries with some 

degree o f  monopo l y . A highly compet it ive market cou ld lead 

t o  the highest e f fic iency only in a stat i c  wor l d ,  with a 

constant set o f  product s or servi ces made ava i l able t o  

custome rs a t  eve r  decreasing cost s . F i rms maximi s ing static 

effic iency prec lude the devel opment o f  new product s ,  

whereas monopo l ie s  and o l i gopo l i e s ,  whi l e  stat i ca l l y  

ineffic ient , a l l ow for the int roduct i on o f  new product s ,  

l e ading to greate r  dynamic effic iency . 

A monopol i st has a number o f  advantages over a perfect 

c ompetitor,  whi ch make s it eas i e r  t o  deve l op innovat i ons . 

F o r  example ,  the monopo l i s t  could prevent or s l ow down 

imitat i on o f  i t s  new product or service by imi t at ing f i rms . 

The use of such devices as patent s ,  copyright , t rade marks 

and dist ribut i on channe l control are examples of t hi s . 

Further ploys might be to maint a i n  secrecy by the u s e  o f  

i nt e rnal funding and the att ract ing o f  creat ive peop l e  by 

o f fering high i nducement s  to j o in and by the estab l i shment 

o f  a good res e arch and devel opment reputat ion . Thes e  p l oys 

�represent the r a i s ing of entry barri ers to other f i rms i f  

and when they c ontemplate j o in ing the industry or break ing 
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into t he new market . ?  

The amount o f  monopoly e x i st ing in a market o r  industry 

wi l l  both influence the rate o f  innovat ion and the rate of 

imitat i o n  by other firms in that industry or market . For 

examp l e ,  the l onger an innovat or ho lds a monopo ly posit ion 

in a product or service , the h ighe r  the imi t at i on costs 

wi l l  be to other firms and the s l ower the rate o f  di ffus ion 

of the i nnovat i on . 

Monopo l i e s  are l arge firms , relative to the s i ze o f  a 

market , s o  there are reasons t o  argue that l arge f i rms , 

ipso fac t o, might we l l  behave in s imilar ways t o  

monop ol i e s ,  s o  f a r  as innovat i on i s  concerned . The next 

sect i on examines firm s i z e . 

3 . 2 . 2 . F i rm  S i z e  and Innovat i on . 

There are several reasons why firm s i z e can be expected to 

influence innovat ive act ivity,  and they are s imi l ar to the 

reasons e xp l a ined by market st ructure or state . 

Galbra it h , S in po inting t o  the r i s ing cost s o f  innovat ion ,  

a rgued that l a rger fi rms were i n  a n  increasingly 

advantageous posit ion as cost s cont inued the i r  upward 

movement . 

Econom i e s  o f  scale9  accrue t o  larger organ i s a t i on s ,  and 



the s e  economies a id in l ower ing the unit costs  o f  

innovat i on a s  we l l  as other aspect s o f  an o rgan i s at i o n ' s 

oper at ions . 
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There may we l l  be disadvantages accruing as we l l ,  for 

example , unexpected research f indings could be wasted as a 

result o f  a managerial " mind set " . lO Furthermore , 

researchers ' mot ivat ion to per form may be l ower in a l arge r 

f i rm than i n  a smaller one because the i r  compensat ion may 

be l e s s  di rect l y  rel ated to performance in a l a rger f i rm . 

I n  general , S chumpete r ,  in c o ining the term " c reative 

de st ruct i on " l l  po inted t o  the pos s ib i l ity that non price 

compet·i t i on in market s showing varying degrees o f  monopo ly , 

might actua l l y  be the spur t o  techno logical change and 

growth in cap i t a l ist economies . By c reat i ve de st ruct i on ,  he 

meant that the proce s s  of innovat ion ,  whi l e  being c reat ive ,  

a l s o  de st royed older and estab l i shed product s ,  s e rvices and 

t echnol ogies as a re sult of non price compet it i on . 

As a summary o f  Schumpet er ' s thinking , three cent ral 

que st ions or i deas can be posed about the origin of 

innovat i on .  

( i )  Whether the central charact e r  i s  the entrepreneur 

or the large firm ,  it i s  onl y  by intr oduc ing 

radi c a l ly new ideas into economi c l i fe that whole 

new industries can be c reated . Techn o l ogy , 
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whether gene rated out s ide the e conomic system or 

in l a rge scale R&D laborato r i e s  of a monopol i st i c  

c ompetitor,  i s  for Schumpet e r ,  the leading engine 

of growth . There fore , the " t e chnol ogy-push" 

hypothe s i s  o f  the origin o f  innovat ion finds a 

natural home in Schumpet e r ' s i deas . 

( i i )  wi l l  more and better innovat ions be produced by 

many ent repreneurs or by a few l arge 

o l igopo l i s t s ?  In other words , " What is the i deal 

market st ructure to st imu l ate innovat ion ? "  

( i i i )  What i s  the best firm s i z e  t o  st imulate 

innovat i on ?  ( This que st i on has also been 

addres sed by Galbraith in many of his wr i t i ngs ) 

The above stat ement s show that the Schumpeterian view can 

be c l a s s i f i ed gene ra l l y  as a techno l ogy-push not i on ,  

wherein new t e chno l ogies are innovated i nto the economi c 

s y stem as they become avai l able .  E s s ent i a l l y ,  the s e  new 

p roducts and processes c reate the i r  own new marke t s . 

Howeve r ,  the role o f  demand, whi l e  not i gnored, i s  down 

p l ayed in t h i s  view,  and the importance o f  demand in 

bringing about innovat ion wi l l  now be e xamined . The 

t echnology-push ver sus demand-pul l  hypotheses were 

e ffective l y  c ontrasted by Jacob S chmookler in his studie s  

o f  patent ing and i nvestment . 
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3 . 3 .  The Demand Pull Hypothe s i s . 

Jacob S chmookler1 2 looked at investment , shares , 

emp l oyment and invent ive act ivity in the rai lway , pet roleum 

refin ing , agr iculture and paper making industries in the 

United States o f  America from the first hal f  of the 

nineteenth century to the 1 95 0 s . His t ime series for 

invent ive act ivity were compo sed of patent s and inve stment s 

in capital goods , and these two variables showed a h i gh 

degree o f  synchronicity,  with inve stment leading pat ent 

series s igni ficant ly more o ften than the reverse . 

S chmook l e r ' s part icular findings were that investment 

usua l l y  led patenting in the upswing from the t roughs o f  

economi c depre s s ion s ,  and he argued that f luctuat ions i n  

inve stment could b e  better explained by external event s 

than by the course o f  invent i on . Upswi ngs in invent ive 

act ivity the re fore re sponded to upswings in demand . 

Schemat i c al l y ,  t he fo l l owing picture was postulated : 

DEMAND -> INVES TMENT -> INNOVAT I ON 

S chmookler did not argue that demand forces were the only 

dete rminant s o f  invent ive and innovat ive act ivit y ,  but was 

t ry ing t o  c orrect the oppos it e  imbal ance according t o  which 

it was only the exogenous f l ow of invent i ons whi ch could 

create new i nnovat ions and new economi c act ivit i e s . I ndeed, 

he suggested t hat demand and invent ion were the opp o s i t e  
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b l ades o f  a pair o f  s c i s s o r s ,  equal l y  important a s  cutt ing 

edges in t echnological advance . 

The r e l at ive importance o f  the push versus pul l  views has 

been invest igated in a wide range of studie s13 , and most 

of them ostensibly come down in favour of the demand pul l  

hypothe s i s . However, a number o f  writers1 4  have reviewed 

much of thi s work and conclude , that because of such things 

as methodo l ogical di fficult ies , loosely de fined c oncept s of 

needs instead of the narrower economic de finit ion of demand 

as the independent variab l e , and the fact that t echno logy 

push fact o r s  were often rendered impo s s ible t o  find in the 

studies by being conceived in a caricatu red way as ent i rely 

scien t i fi c  event s free of any economic c omponent 

what s oeve r ,  the studies do not show conc lus ive ly the prime 

import ance o f  the demand-pul l  hypothe s i s . 

I t  i s  worthwhi l e  summari s ing the demand pul l / technol ogy 

push debate here . Patterns o f  investment ,  s c i ent i fic 

pape rs , pat ent s ,  innovat i ons and output have been analysed 

in many s tudie s  and in many industries . Ne ither t e chnology 

push n o r  demand pul l  are found to predominate 

systemat i ca l l y ,  but each one of them can lead the other at 

di fferent stages in the deve l opment of an indus t ry . Coombs , 

S avi ott i  and Wal sh15 stat e ,  " I f  any gene ral i sa t i on can be 

made , t echnol ogy push t ends t o  be relat ive l y  more important 

in the early st ages of devel opment of the indu s t ry whi l e  
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demand pul l  t ends t o  increase i n  relat ive importance i n  the 

mature s tage s o f  the product cycle . "  Therefo re , ne ither the 

ideas o f  S chmookler nor o f  S chumpeter are adequate alone . A 

combinat ion appears to be a better exp l anat i on for the 

deve l opment of industries . 

The que s t i ons in respect o f  f i rm s i ze and market 

concent rat ion posed as a result of an examinat i on o f  

Schumpete r ' s work above , a r e  now examined in respect o f  the 

emp i r i c a l  evidence . The f o l lowing sect ion de a l s  with some 

o f  the f l avour o f  emp i r i c a l  re search findings that might 

suppo rt o r  re fute the Schumpet erian view . 

3 . 4 .  Empi rical Re search on Innovation, F i rm  S i z e  and Market 

Stru cture . 

T ypi c a l l y ,  much o f  thi s res earch cent res around the 

quest i on of market structure and how it might be related to 

R& D i nput s and output s . The sheer volume o f  the work 

p revent s a c omprehens ive discuss ion o f  t he research 

f inding s , s o  s ome of the more t ypi cal e ffort s are briefly 

c on s i de red below . Al s o ,  see the reference for a good review 

of the l i t erature . 1 6 

S cott I? l ooked at the pos s ibi l ity that a " compet i t ive 

o l ig op ol y "  was most conducive to techn o l ogical advance . He 

tested the hypothe sis that the relati onship between market 
� 

c oncent rat i on and research and deve lopment i s  a " u n  shape , 
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with R& D at f i rst fa l l ing with market concentrat ion and 

then r i s ing a s  c oncent rat ion increases . He found t hat this 

was the cas e ,  but when demand condi t i ons we re c ont r o l l e d  

for ,  the re l a t i onship disappeared . Thi s  finding high l i ght s 

the import ance o f  demand c ondi t i ons and t echno l ogical 

oppo rtuni t i e s  a s  determinants o f  technol ogical advance . 

Lunn and Mart in18  hypothesi z ed that in both high and low 

t e chnological opportunity indu s t rie s ,  high pro fit 

operat i ons spend l e s s  on R&D ,  ce t . pa r .  This was he l d  t o  

indicate the i mportance o f  compet it ion a s  a st imulus t o  

innovat ion . The i r  findings were in the affirmat ive , and the 

authors he l d  t hat fi rms in compet it ive market s inve st i n  

R&D in searc h  o f  pro f it . 

Howeve r ,  in the s ame art i c l e ,  support was st i l l  g iven t o  

the Schumpet e r i an not ion that the o rgani sat ion of 

p roduct ion i n  l arge firms favours t echno logical advance .  

The reasoning was that in l ow techno logical opportunity 

industrie s ,  ope rat i ons with l arge r market shares and 

operat i ons i n  c oncent rated industries spend more on R& D per 

do l l a r  of s a l e s , ce t . par . The authors argued that a f a i r  

interpretat i on of the i r  evidence i s  that market p owe r 

encouraged i nvestment in innovat i on in l ow t e chn o l ogical 

opportunity indust ries , but that it was a l s o  pos s ib l e  that 

l a rge r operat i ons with great e r  a s s et s ,  in low techn o l ogical 

opportunity i ndust r ie s ,  spend more on R& D even a ft e r  

d i f fe rence s  i n  market share a n d  market c on cent rat ion are 
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a cc ounted for . 

There were d i fferent findings for high t echn o l ogical 

opportunity i ndust ries , Ne ither market s hare nor market 

concentrat i on had a stat i st i c a l l y  sign i f i cant impact on 

research spending . On the other hand, l a rge f i rms in high 

techno l o g i c a l  opportunity industries spent more per dol l ar 

of s al e s  on R& D ,  ce t . par . 

Lunn19 found that proce s s  patent s were posit ive l y  related 

t o  market concentrat i on , and suggested that this was 

c on s i stent with Schumpeter ' s ideas . Al s o ,  there we re more 

pro c e s s  patent s in industries with high techno logical 

opportunit ie s . Lunn further found that new product patents 

were not a ffected by market c oncentrat ion or technol ogical 

opportun it ie s , but there was less patent ing of new product s 

i n  indu s t r i e s  in whi ch average spending on adve rt i s ing per 

do l la r  of s a l e s  was high . He argued the refore , that the 

findings c o n f i rmed the importance of product 

different i at i on as an incent ive for new product innovat i on . 

The l it e rature on the r e l at i onship between market 

s t ructure , f i rm s i z e  and innovat ion is voluminou s ,  but has 

not c ome t o  a f i rm c onc l u s i on . Both on t heore t i c a l  grounds 

and on the grounds of c asual observat i o n , it i s  easy t o  

propose d i s advantages i n  innovat i on f o r  monopol i e s  and 

c ompet i t i ve s t ructures , and for large and sma l l  f i rms . 
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Kam i en and S Chwart z20 ,  in reviewing a large number o f  

studies o n  the s e  relationships , found l it t l e  consens u s , but 

remarked that t he re appear t o  be st rong industry e f fects 

and that the degree o f  technological opportunity at 

industry l eve l may be a ma j or in fluence on the rate o f  

innovat ion and t e chno l ogical change . The fol l owing section 

examines this proposition furthe r . 

3 . 5 .  Technologi cal Paradigms . 

The modern phi l o s ophy o f  science sugge s t s  the exi stence of 

s c i ent i fi c  paradigms , or research programmes ,  which 

dete rmine the di rect i on and nature of s c ient i f i c  enqu i ry . 

I n  a s imi l a r  ve in , Dosi21 has argued for the exi stence of 

technologi c a l  paradigms , which he de fines as , " . . .  pattern 

o f  s o lution o f  s e lected technological problems , based on 

s e l e cted pr inc iples derived from natural s ciences and on 

s e l e cted mat e r i a l  technologies . " 22 He argue s  furthe r ,  that 

a t echnologi c a l  paradigm de fines c ontextual ly the needs 

that are meant t o  be ful f i l led, the sc ient i fi c  princ iples 

ut i l i sed for t he task , and the material techno l ogy itse l f . 

Thu s , a t echno l ogical paradigm may be seen as a focus ing 

devi ce for a c luster of technologies whose j o int function 

i s  t o  c ont ribute to a set o f  c ommon proce s ses o r  p roducts . 

I n  othe r words , techn o l ogical paradigms de fine the 

t echno l ogical opportunities for further innovat ions and 

s ome bas i c  procedures on how to exploit them . 
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The above not i ons do not mean that a det e rmin i sm i s  be ing 

dealt with, in which the actua l  pathway for deve l opment is 

predetermined in the nature of the t echn o l ogy its e l f . 

Rather ,  the paradigm helps de fine t he set o f  pos s ible 

pathways that may be fol l owed ,  and it is t hrough the 

int e ract ion of s ocial forces ( economi c ,  po l i t i ca l ,  et c )  

that the actual pathway o r  traj ect o ry i s  det e rmi ned . Once a 

new techno logy i s  innovat ed, i t  begins an evo lut i onary 

t rack that is in part det e rmined by the s o c i a l  mil ieu in 

which it rest s . 

3 . 5 . 1 .  Technol ogi cal Trajectori e s . 

Imp l ied in the devel opment o f  a techno l og i c a l  paradigm is 

the i dea of a t echno l ogic a l  t ra j ectory , whi ch has been 

de fined as , " . . .  the act ivity of t echno l og i c a l  progre ss 

a l ong the economic and t echnol ogi c a l  t rade-offs de fined by 

the technol ogi c a l  paradigm . " 23 Thus , a t e chno l ogical 

t r a j ectory c an be seen a s  a p roblem s o l ving act ivity ( i es ) 

which comprises rout ine changes t o  e x i s t ing t e chno l ogies 

within a paradigm . I n  summary and cont rast , a technological 

paradigm ref l ec t s  what is s c i ent i fical l y  pos s ible , whe reas 

the path of the technological tra j e ctory ref l ects what is 

s o c i a l l y  pos s ib l e . 

I nevitab l y ,  t he actual path o f  innovat i on and improvement 

pursued by any given f i rm i s  dependent upo n ,  i n t er a l i a ,  

the spe c i f i c  c ompetenc ies that res i de within that f i rm . 
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Given a set o f  c ompetencies ( knowledge , e xper ience , 

att itude s ,  market ing abi l ity,  re search capac ity ,  et c ) , then 

the part i cul a r  form of the ( any ) innovat ion i s  high l y  

spe c i fic t o  that firm . Thi s means that innovat ive 

a ct ivit ies are highly s e lect ive and fina l i sed in rather 

prec ise direc t i ons , and are o ften cumu l at ive act ivit ies . 24 

The importance o f  thi s i s  that the idea runs counter to the 

view25 that t echnology as informat ion is genera l ly 

app l i cabl e  and easy t o  reproduce and reuse ; where f i rms can 

produce and u s e  innovat ions mainly by dipping free l y  into a 

p o o l  of technol ogy and knowledge . Instead,  firms produce 

things , and use proce s s e s ,  in t e chn i c a l l y  di fferent i ated 

ways from one anothe r ,  l arge l y  on the bas i s  of in house 

t echnol ogy , but along with some c ontr ibut i ons from other 

f i rms and pub l i c l y  avai l able knowledge . 

Given the cumulat ive and firm spe c i f i c  nature o f  

t e chno l ogy , t hen deve l opment ove r t i me become s l e s s  and 

l e s s  random, as soc i a l  forces determine the " des irable " 

market state or form o f  the technol ogy . F i rms ' product s and 

processes tend t o  converge as a p roduct or process nears or 

enters a mature phas e . In a sense , uncerta inty dimini she s 

a s  the market becomes known . However ,  a s hake out o c curs as 

l e s s  succe s s fu l  market forms of the technology are r e j ected 

by the market . 

3 . 5 . 2 .  Market and Technologi cal Opportunities . 



G o rt and Kepp l e r26 have offered a five st age model of the 

pat t e rn s  of ent ry dur i ng the evo lution o f  a part i cu l ar 

market for a t echnology , as fo l l ows ; 
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( i )  Rapid growth o f  entry f o l l owing the first 

innovat ion ,  c ondit ioned by ease o f  ent ry and t he 

number of pot ent i a l  ent rant s . 

( i i )  

( i i i )  

Increase in the number of produce rs . 

Ent rant s and exits  cance l l ing e ach other out with 

net ent ry at z e ro . 

( iv )  Negat ive ent ry ( or shake out ) 

( v )  Zero entry a s  the industry become s mature . 

T h i s  mode l i s  highlighted t o  emphas i z e  that f i rms are 

i n i t i a l ly attracted to a new market by the opportunities 

o f fe red there in . Each f i rm runs a l ong a given idiosyncrat ic 

t echno l ogical tra jectory , and the market gradually selects 

out the perce ived " unde s i rable " man i festat i on s  of a 

t echno l ogy that some f i rms may be produ c i ng . Eventual l y ,  a 

s t ab l e  form o f  the t ec hn o l ogy is sett led upon at s ome 

m at u re stage . This mode l could apply as much t o  proce ss 

i nn ovat ions a s  t o  product and service innovat i ons . 

Opp o rtunities perceived by firms are market opportunities 

and t echno l ogic a l  opportunitie s . Given s ome i ncrement al 

deve l opment and innovat i on ,  a firm sees the c hance to gain 

a profitable pos ition within a market . E a r l y  in the product 

or process l i fe cyc l e ,  opportunit i e s  are h igh , whereas 
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later i n  the cyc l e ,  they are low . 

3 . 5 . 3 .  P aradigm Shi ft s . 

New marke t s  are typical l y  c reated by the int roduct i on of 

new product s and proce s s e s , whi ch impl ies t he innovat ion of 

new or radi ca l ly di fferent techno l ogy . S o  cal led radical 

innovat ions b ring with them new paradigms and paradigm 

shift s ,  and a new set o f  t echno l ogical opportunit i e s  and 

t ra j ectories  t hat are worked through . 

D o s i27 has sugge sted that the source o f  ent i re l y  new 

paradigms is increasingly coming from fundament a l  advances 

in s c i ence and in related " general " techn o l ogi e s . ( e . g .  in 

e l e c t r i c i t y  and informat i on proce ss ing, etc . )  Thus , for 

example , t radit i onal proce s s  t ype techno l ogies a re becoming 

increas ingly c ont rolled and ope rated by the newer s i l icon 

chip re l ated t e chnologies . I n - general , t he l inkages between 

s c ient i f i c  advances and t e chno logical opportun i t i e s  are 

l i ke l y  t o  be much more direct at the ear l y  st age o f  

emergence o f  new t echno l ogi c a l  paradigms . 28 

3 . 5 . 4 .  Rel at ive Factor Price s . 

I nnovat ion y i e lds new t e chnique s which are l i k e l y  t o  be 

supe r i o r  t o  the old one s ,  irrespect ive o f  relat ive 

Pfi c e s . 29 I f  the new t echniques had exi sted before they 

woul d  have a l s o  been adopted at the old relative p r i ces . In 
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the microe lect roni c s  industries,  e lectronics based 

product ion t echno logies are , 

( i )  

( i i )  

( i i i )  

labour s aving , 

fixed capital  s aving ( i . e . , they induce a fall  in 

the capita l / output rat io ) , 

c i rculat ing-capital s aving ( i . e . ,  the 

opt imi sat i on o f  production f l ows a l l ows a f a l l  in 

the s t ocks of intermediate inputs per unit of 

output ) , 

( iv)  qua l it y  improving ( i . e . ,  they increase the 

( v )  

accuracy o f  product ion proce s ses , al low qua l i ty 

t e st ing, etc . ) ,  

energy s aving ( in so far as the energy use i s  

a l s o  a funct i on o f  mechan i c a l  movement s o f  the 

var i ou s  machinerie s ,  the substitut i on of 

informat ion process ing equipment for 

e l e ct romechanical part s reduces the use o f  

energy ) . 30 

Thu s ,  taking a l l  the s e  character i s t i c s  t ogethe r ,  the 

e lect ronics based product i on techniques are general ly 

superior to e l e ctro mechanical one s , i rre spect ive o f  

re l at ive prices . I n  other words , the new wage /pro fit 

front iers as s o c i ated with the new techniques do not 

intersect for any pos it ive value for the old one . Thi s 

f i nding may be gene ra l i s ab l e  to other market sectors , given 

the poss ibi l it y  of rapid t echnological  development aris ing 
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from wide t e chno l ogical opportunit ies . 

3 . 5 . 5 .  I ndustri al Taxonomy for Innovative Potent i al . 

C l e a r l y ,  there wi l l  be d i f fe rences between sectors in terms 

o f  t echno l ogical opportun i t i e s , because of i n t er al i a, 

varying st ages of deve lopment o f  techno l ogie s ,  market s and 

more part i cu l a r l y ,  the n ature of the product s and processes 

themselve s . Pavitt3l ,  in attempt ing to answe r the que st ion 

as t o  why sectors might d i f fe r  in the i r  rates and mode s of 

innovat i on , set up the f o l l owing t axonomy sectors . 

( i )  Suppl ier Dominated . Sectors , ( which include 

t e xt i l e ,  c l othing , l eathe r ,  pr int ing and 

pub l i shing , wood product s . )  I nnovat i on s  are 

mainly proces s innovat i on : innovat ive 

opportunit ies are general l y  embodied i n  new 

varieties of c apit a l  equipment and int e rmediate 

input s ,  originated by f i rms who se principal 

act ivity is out s ide these sectors themselves . 

Thus the proc e s s  o f  innovat ion i s  prima r i l y  a 

proce ss of di f fu s i on o f  be st pract ice c apital 

goods and o f  i nnovat ive intermedi ate i nput s ( such 

as s ynthet i c  f ib re s ,  etc . )  The knowledge base of 

i nnovat ion in t he s e  sect ors mainly r e l ates to 

incremental improvements in the equ ipment 

p roduced e l sewhere , to i t s  e f fi c i ent u s e  and to 

organisat i onal i nn ovat i ons . 
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( i i )  S ca l e  I ntens ive Sectors . Innovat i on relates to 

both proce s s e s  and product s ;  product i on 

act ivi t ies genera l ly involve ma stering c omplex 

systems ( and often manufacturing comp lex 

produ ct s ) ; economies o f  scale o f  various sorts 

( i i i )  

( in product i o n ,  des ign , R&D ,  etc . )  are 

s igni ficant ; f i rms t end to be b i g ,  produce a 

re l at ively h igh propo rt ion of the i r  own process 

techn o l ogy , devot e a relative l y  high propo rt ion 

q f  the i r  re s ou rces t o  innovat ion , and tend t o  

int egrate vert ically into the manu facturing of 

s ome o f  the i r  own equipment . This group inc lude s 

t ransport equ ipment , some e l ect r i c  consume r 

dur ab l e s ,  met a l  manufactur ing ,  food product s ,  

part s o f  the chemical industry,  glass and cement . 

Moreove r ,  within thi s group , a finer taxonomic 

dist inction c an be made , according to the nature 

o f  t he production proce s s , between ( a )  assembl y  

based industries o f  the Tay l o r i s t /Fordist t ype 

and ( b )  cont inuous process indust ries . 

Specialised Suppliers . Innovat ive act ivi t i e s  

r e l at e  prima r i l y  to product innovat i ons whi ch 

ente r  s ectors as capit a l  input s . F i rms t end to be 

re lat ively sma l l , operate in c l o s e  contact with 

the i r  users and embody a specia l i sed knowledge in 

de s i gn and equipment bui lding . Typica l l y ,  thi s 

group includes mechanical and instrument s 
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engineering . Opportunities  a r e  general l y  h i gh and 

are o ften exp l o ited through in forma l act ivi t ies 

of de s i gn improvement s ,  introduct i ons of new 

c omponent s ,  et c .  

( iv)  S c i ence Based Sect o r s . This group inc ludes the 

e lect ronics indust r i e s  and most of the chemical 

indus t ries . Inn ovat i on i s  o ften di rect l y  l inked 

t o  new technological paradigms made po s s ib l e  by 

s c i ent i fic advance s ;  technological oppo rtunity is  

ve ry high;  innovat ive act ivit ies are forma l i sed 

in R& D laborat o rie s ;  a high proport i on o f  their 

product innovat ion enters a wide number of 

sect o r s  as capital or int ermediate input s ;  f i rms 

t end t o  be big ( with the except i on o f  s ome 

h i gh l y  entrepreneur i a l  and special i sed 

producers)  . 

3 . 6 . The o ret ical Framework . 

I t  i s  pos s ib l e  t o  draw the t he oret i cal threads o f  t h i s  

chapte r  t ogether to propose a mode l o f  techn o l og i c a l  change 

and i nnovat i on which incorporates the theories d i s cu s sed . 

Ne l s on and Wint e r32 have suggested an evolut i onary theory 

o f  e c onom i c  change in whi ch o rgan i sat i ons are the 

count erpart s  of speci e s  i n  b i o l ogy . Bui l ding on the 
� 

anal ogy ,  they a rgue that an o rgan i s at i on ' s rules o f  
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Succ e s s ful spe c i e s  are those which are abl e  t o  adjust to 

the i r  changing environment s ,  genera l l y  through genet ic 

mut at i on and natural s e l e c t i on . Thu s ,  in s imi l ar fashion , 

organ i s at i on s  that are ab l e  to change the i r  po l i cies in 

re sponse to envi ronment a l  changes are mo st l ik e l y  to 

s u rvive . Acc o rdingly , innovat ion and techn o l ogical change 

can be s een as part o f  the adapt ive and survival me chanism 

o f  o rgan i s at i ons , and t he rate of genet ic mut at i on has its 

paral l e l  in the rate of innovat ion and techn o l ogical 

change . 

The pathway o f  change in the biological c a s e  and in the 

o rgan i s a t i onal case wi l l  fo l l ow a dist inct ive c ourse or 

t r a j ectory,  s ince spe c i f i c  problems have to be s olved and 

given envi ronmenta l  change s dealt with . 

Any o rgani s at i on ' s environment can be asses sed as to the 

degree o f  monop o l y  whi ch might exist , whi c h  i s  t o  s ay the 

nature o f  the n iche o f  the organisat i on c an be ascert ained . 

Addi t i on a l l y ,  it i s  po s s ib l e  to argue that the rat e of 

techn o l ogical change is re f lected in the abi l it y  o f  the 

organ i s at i on t o  adjust t o  changing envi ronment a l  

condit i ons , and t o  emp l o y  t he poss ibi l it i e s  presented by 

�enet i c  mutat i on ( i . e  p o l i c y  changes )  a s  survival and 

g rowth mechani sms . 
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I n  thi s schema , S chumpet er ' s 33 view o f  the role o f  

monop o l y  condi t i ons can b e  s een a s  the environment a l  

context whi ch o f fers opportunities f o r  Schmook l e r ' s34 

demand pul l  mode l to operat e . In other words , the demand 

pu l l  mode l can be seen a s  the genet ic and adapt ive response 

to envi ronmenta l  change . 

The evo lut i onary pathway that a species e xhibit s i s  a 

hi s t o ry o f  i t s  re spons e s  t o  a changing envi ronment . At any 

t ime there wi l l  be a c o l lect i on of survival problems to be 

addres sed by the spec i e s  and a col lect i on of genes that may 

change ( random l y )  and perhaps he lp ame l i o rate the probl ems . 

Thu s ,  the actual changes that occur can be seen in the 

evo l ut i onary pathway . 

D os i ' S 35 not i on o f  a t echn o l ogical paradigm i s  anal ogous 

t o  the set of environment a l  problems and potent ial genet ic 

respons e s ,  whereas the t ec hnological t ra j e ct o ry i s  the 

c�unterpart to the evoluti onary pathway actual taken by a 

spe c ie s . 

The emp i r ical c ontent o f  t h i s  work is concerned with two 

a spect s of the mode l out l ined above . 

F i rs t l y ,  i t  i s  possible t o  underst and how we l l  an organism 

o r  spec i e s  f i t s  into i t s  environment at any given t ime by 

e xamining i n t e r  al i a, how and how we l l  it u s e s  re sources in 

i t s  interact ion with the envi ronment dur ing t he proce s s  of 
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l i ving . F o r  example , a given mode o f  energy capture and use 

may or may not be better than another mode , when judged 

against the effic iency of energy capture and use . Such a 

view l ooks at the output o f  evo lut i onary change , 

part icularly when changes in resource u s e , " l i fe "  

product ion and s o  o n  are examined t hrough t ime . S imi lar l y ,  

it i s  pos s ible t o  l ook a t  the outputs o f  technological 

change through t ime . For inst ance , the rate o f  product i on ,  

the leve l s  and e f f i ciency of resource u s e , relat ive fact or 

e f·f i ci enc i e s  and so on can be examined t hrough t ime . Thus , 

change s in the o rganisat i on ' s  adapt ive p roduct ion abi l ity 

can be t raced and understood . 

S econdly , i t  i s  possib l e  t o  examine the o rganisat i on ' s 

t e chno l ogy di rect ly t o  as certain how i t  i s  spec i f i c a l l y  

changing t o  env i ronmenta l  condition s . I n  thi s case , the 

di rect i on and ve l ocity of techno logical change cou l d  be 

understood and de s cribed in and of i t s e l f .  The b i o l ogical 

paral l e l  o f  thi s i s  the changing mo rphol ogy o f  a species as 

i t  evo lve s . The history o f  the changes is the evolut ionary 

pathway for the species and the technological  t ra j e ct ory 

for the o rgani s at i on . 

Chapte r s  4 and 5 examine New Zealand s awmi l l ing technology 

in s im i l a r  t erms to the two e xplained above . 
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3 . 7 .  Summary . 

Thi s  chapte r  examined the b l ack box o f  innovat i on . 

P r i o r  t o  the wr i t ings o f  S chumpete r ,  technologi c a l  change 

had been t reated as exogenous to economi c systems . 

S chumpete r  proposed a techno l ogy push view of innovat ion,  

whe reby entrepreneurs introduce new techno logies into the 

econom i c  mil ieu in search of profit s . Most compet i t ion wa s 

( an d  i s )  of the non price type , and the most u s e ful market 

states to bring about this gale of " creat ive des t ruct ion"  

carried s ome degree o f  monopo ly . 

S chumpet er ' s v i ew tended t o  ignore the role o f  demand, and 

S c hmo o k l e r  corre cted t h i s  imbalance by showing that an 

upsurge in demand lead f i rms t o  invest in R&D and thereby 

ra i se the l eve l of innovat i on . 

The t e chno logy i t self has a role to play in determining its  

actual matu re market form . Dosi  has shown the importance of 

t e chn o l ogical p aradigms as po int ing t o  the range o f  

po s s ib i l it i e s  o f  technological deve lopment , and t o  

t e chno l ogical t ra j ecto r i e s  as the actual roads taken by 

t ec hn o l ogical change . 

Thus t echnology push , demand pul l ,  the techno l ogy i t s e l f 

and the surrounding s o c i a l  mi l ieu determine a part i cular 

market o r  produc t ive form o f  a piece o f  t echno l ogy . 
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Some indu s t r i e s  di splay differing potent i a l s  for 

t e chn o l og i c a l  opportun i t i e s  because of a raft o f  factors , 

and i t  i s  po s s ible to place a given industry into an 

appropriate l y  set out taxonomy . The rest of this work wi l l  

look at t echno l ogical change i n  the New Zeal and sawmi l l ing 

indust ry . F o r  these purpo ses , it i s  nece s s ary t o  s t ate that 

this indu s t ry i s  best characterised as be ing supp l ier 

dominated . Thi s i s  because nearly all  sawmi l l  equipment i s  

supp l ied on internat i onal markets by a few spec i a l ist 

sawmi l l ing suppl iers . However ,  given the rise o f  t he 

e l ect ron i c s  based product i on t e chno logie s ,  there i s  some 

degree o f  idio syncrat i c  t echn o l ogical deve lopment within 

individual f i rms . 

The f o l l owing chapter looks at the deve l opment o f  the New 

Z e a l and sawmi l l ing indust ry in economi c and phys i c a l  terms 

us ing an e conomet ric framewo rk , and by cons ide ring the 

years 1 8 8 0  to 1 9 9 0 . The aim wi l l  be to examine the e ffect s 

o f  t echno logical change on the output of sawn t imbe r  and 

the relat ive e ffi ciencies of resource use in produc ing sawn 

t imber .  

Appendix I comprises a brief h i st orical examinat ion o f  the 

techn o l og i c a l  deve lopment o f  t he s awmi l l ing indu s t ry of New 

Z e a l and . 
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CHAPTER 4 .  ECONOMIC AND PHYSICAL DEVELOPMENT . 

4 . 1 .  Introduct ion . 

This chapte r  wi l l  cons ider economic and physical product i on 

effect s o f  techn o logical change in the saw mi l l ing industry 

for the per i od 1 8 8 0  to 1 9 9 0 . Thi s i s  nece ssary s ince 

f i r st l y ,  the given tra j ect ory of a t echnology i s  determined 

by what i s  s oc i a l ly ( e . g .  economi c a l l y  and polit ica l l y )  

pos s ibl e ,  and secondly because a process technology such as 

s awmi l l ing is better unde rstood in terms of it phys ical 

output and economic effect s ,  than in terms of its  

engineering spe c i ficat ions and arrangement s alone . Thus , 

technological change can be seen in its  evo lving e conomic 

system and i s  not left exogenous t o  it . Fol lowing t h i s ,  the 

next chapt e r  wi l l  examine the di rect i on of techno logical 

change itse l f . 

4 . 2 .  Method . 

Data c oncerning the product i on o f  s awn t imber in s awmi l l s  

by five year l y  i nterval s  were c o l lected for the years 1 8 8 0  

t o  1 9 9 0 ,  inclus ive . The data s ources consulted were , " The 

Blue Books of New Munster and New Ulster . " , he ld in the 

Nat i onal Archive s , We l l ington;  " The Stat istics o f  New 

Zealand . " ,  New Z e a l and Department of Stat i stics , for five 

yearly interval s  f rom 1 8 8 0  to 1 9 2 0 ;  " The New Zealand Year 

Book . " ,  New Z ea l and Department of S t at i stics , for f i ve 
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yearly inte rval s  from 1 92 5  t o  1 9 9 0 ;  var i ous i s sues o f  the 

" Census o f  Manufacturing . " , New Z e a l and Department o f  

Stat i st i c s ; " New Zealand Forestry Stat i st i cs 1 9 9 1 . " , 

Mini s t ry o f  Forestry;  and pe rusal o f  o l d  New Zea l and Forest 

Service f i l e s  now he ld by the Mini st ry of Forestry , 

Wel l i ngt on , and by the Nat ional Archive s  in both We l l ingt on 

and Auckland . 

The c o l lected dat a were s awn t imbe r  p roduct i on ( volume 

measure ) , ful l  t ime equivalent persons engaged in 

s awmi l l ing, k i l owatt rat i ngs of s awmi l l s , value o f  s awn 

t imbe r  product i on (money measure ) , va lue added, and value 

of cap ital p l ant and equipment . Other stat i st i cs we re 

ava i lable and were col lected, but they were not used in 

this exerci s e . 

The t reatment and anal y s i s  o f  t he dat a wi l l  be det a i led 

below under s eparate headings for each type . 

4 . 3 . 1 .  Estimation of Sawn Timber P roduction, S Year 

I nt e rval s .  

F o r  each o f  the five yearly inte rva l s , data were avai lable 

showing , by geographical are a ,  ful l  t ime equivalent persons 

engaged, power rat ings o f  sawmi l l s  and s awn t imber 

p roduct i on . Up unt il the year 1 97 5 ,  t he power ratings we re 

given in horsepowe r ,  and thereafter in k i l owatt s .  In some 

instance s , part i cularly in the years 1 9 8 0 ,  1 9 8 5  and 1 9 9 0 ,  
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the dat a were e it her not avai l able at a l l , o r  we re given as 

a n at i on a l  t ot a l . In these c ases , the numbers of sawmi l l s  

wer e  g i ve n  and the k i l owatt rat ings we re e st imated on the 

bas i s  o f  an o rdinary least s quares regre s s ion between 

sawmi l l s  and k i lowatt rat ings , us ing earl i e r  dat a . High 

corre l at ion coefficient va lues were obt ained,  and on this 

bas i s ,  the e st imated regre s s i on equat i on was cons idered 

suitab l e .  Furthe rmore , up unt i l  1 9 7 5 , the product ion 

f i gures for rough sawn t imbe r  were given in e ither board 

feet o r  super feet (be ing i dent ical mea sure s )  and after 

1 9 7 5 ,  the f igure s were given in cub i c  met re s . Al l the dat a 

wer e  c onverted t o ,  and used in,  cub i c  met re mea sure . 

It  was hypothe s i z ed that a relat i onship e x isted between 

these var i ables , whi ch could be descr ibed according to the 

fol l owing general form ; 

Yi = B1 + B2X21 + B3X31 + U.1 

Where Y = s awn t imbe r  vo lume 
Bl = " Y "  int e rcept term 
B2 = sawn t imber attribut able to 

the act i on o f  l abour 
X2 

= persons engaged i n  sawing 
( fu l l  t ime e qu iva l ent s )  

B3 
= s awn t imbe r  att ribut able to 

the use o f  non human power 
X3 

= power rat ing o f  s awmi l l s  
( k i l owatt s )  

u i  = error t e rm 

Equation 4 . 1  

F o r  e ach o f  the years , 1 8 8 0 ,  1 8 8 5 ,  and s o  o n ,  by five 

yea r l y  interva l s  to 1 9 9 0 ,  e quat i ons were e s t imated us ing 



mult iple regre s s i onl analys i s ,  whi ch conformed t o  the 

generali sed f o rm ,  equat i on 4 . 1 ,  above . The dependent 

var i able was s awn timber product i on ( M3 ) , whi le t he 

independent var i ables were ful l  t ime equival ent ( F . T . E . )  

persons engaged and k i l owat t s ,  re spect ively .  

4 . 3 . 2 .  Re sult s .  

8 4  

Det a i l s  o f  the equations e s t imated us ing mul t iple 

regre s s i on t e chnique s are pre sented in the appendix at the 

end o f  t h i s  chapter . 

4 . 3 . 3 .  D i s cu s s i on . 

A .  The Coeffi� ient s '  S i gns . 

The the oret i c a l  equat ion did not a l l ow for nega t i ve s igns 

in the c oe f f i c i ents of L ( fu l l  t ime equ ivalent p e r s ons 

engaged) and K ( k i lowatt rat i ngs in sawmi l l s ) . Howeve r ,  the 

years 1 8 8 5 ,  1 9 3 0 ,  1 9 65 showed negat ive coe f f i c i ent s for K ,  

whi l st t h e  y e a r s  1 8 9 5 ,  1 9 0 5 , 1 9 7 0 ,  1 9 75 showed negat ive 

coe ffic ient s for L .  The l it e r a l  mean ing for a negat ive 

coeffic ient in s uch cases was that the facto r  ( va r i able)  

concerned was re sponsible f o r  a reduct i on o f  s awn t imber in  

t he year concerned, a l l  else being equal . Obvi ous l y  this 

doe s  not make s en se . Explanat ions for such result s are ; 

( 1 )  Ther e  might have been an ove r  abundance o f  the factor 
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s o  a f fe cted,  imp l y ing a c a s e  of dimini shing o r  

negat i ve returns i n  the relevant year . It  was 

s i gn i f i c ant that , by and l a rge , the presence o f  

negat ive s i gns i n  the coefficients c o i ncides with 

years marked by e conomic reces s i on . Thus , there would 

have been s u rplus capacity in the sawmi l l ing indust ry . 

( 2 )  The phrase , " a l l  e l s e  being equal " i s  relevant he re 

becau s e  t aken in t andem with the other ( and 

counte rpart ) fact o r ,  on average , it would probably 

have c ontributed pos i t ive ly towards the product ion of 

s awn t imbe r . It  was c lear that sawn t imbe r  couldn ' t be 

produced in the presence of one of the fact ors al one . 

B . The " t "  Values Pert aining to the Coe f f i c ient s . 

Most o f  the years we re charact erised by t and P va lues 

which could not r e j ect the nul l  hypothe s i s  that " the leve l s  

o f  s awn t imbe r  product i on we re NOT influe nced b y  the 

numbers of persons engaged ( F . T . E . )  or by the numbers o f  

k i l owat t s  ava i l able t o  s aw timber . "  This poses a problem 

from a s t at i st ic a l  po int of view, but in the wider sense of 

attempt ing to see the changing nature o f  the relati onships 

between t he vari abl e s , it is not of great importance . 

Clearly there are changing relat ionships , i f  only because 

t he coeff i c i ent s changed ,  and in the next sect ion , when an 

" overarching " equat i on i s  est imated, thi s change wi l l  be 

discus sed . 
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C .  The ANOVAs . 

I n  every case , t he nul l  hypothe s i s  that the means o f  the 

regre s s o r s  were the same was rej ected . Thi s i s  to s ay that 

a l l  three var iabl e s  were dist inct ly and s ign i f i c ant l y  

di f fe rent from one anothe r . To a n  extent , it was argued 

that the ANOVA result s could he lp compen sate for the "poor" 

t t e s t  re su l t s  discussed above . 

D .  The Coe ffic ient s o f  Dete rminat ion . 

I n  a l l  but t wo o f  the c a se s , both the R2 and adj usted R2 

we re i n  e xc e s s  o f  . 9 0 0 . Thi s means that in nearly all  of 

the cases the variation i n  t he dependent vari ab l e ,  sawn 

t i mber p roduct i on ,  wa s we l l  exp lained by the variations in 

the independent variab l e s , persons engaged ( F . T . E . )  and 

k i l owatt s .  

JUS T I F ICAT I ONS FOR ACCEPT ING THE EQUATIONS . 

I t  was a rgued that , although there were p roblems with some 

o f  the stat i s t i ca l  aspects o f  the equat ions (part icularly 

the t t e s t s ) , t aken as a whol e ,  they should be accepted . 

The fol l owing argument s are advanced to s upport thi s 

content i on . 

A .  Pars imony 

A mode l can never be a complete ly accurate descript ion 
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o f  real i t y ;  t o  describe rea l ity , i t  would b e  neces sary 

to deve l op such a comp l e x  mode l that it wou ld be o f  

l it t l e  pract i cal use . S ome amount of abstract i on or 

s imp l i f i cation i s  inevit able in any mode l bui lding . 

Occam ' s r a z o r  or the p r inc iple o f  pars imony states 

t hat a mode l be kept a s  s imple as pos s ible . A mode l is 

i mportant if it expl ains much by l itt l e ,  and a l l  minor 

and r andom influences are cons i gned to the error term . 

B . I dent i fi abi l ity 

Thi s means that for a g iven set o f  dat a,  the est imated 

parameters must have unique va lue s ,  or what amount s to 

t he s ame thing, there i s  only one est imate for a given 

paramet e r . Thu s ,  attempt ing t o  increase the uniqueness 

of parameters ' value s by increas ing the i r  number ,  sets 

up t he danger of autocorr e l at i on and ove r 

spe c i f i c at i on . 

c .  Goodne s s  o f  Fit 

S ince the bas i c  thrust o f  regre s s ion mode l l ing i s  to 

exp l a i n  as much o f  the variat i on in the dependent 

vari ab l e  as possible by the explanat o ry variables 

inc luded in the mode l ,  a model is  j udged good i f  this 

e xp l anat i on ,  as measured by the .R2 and adjusted R2 i s  

a s  high a s  pos sible . Very high R2 values were 

obta ined,  so it was a rgued that var i at i on in t he 

dependent variables we l l  was e xplained by the 

i ndependent variables .  



E .  Common Sense 

88  

An appeal t o  common sense suggested that in general , 

two fact o r s  were respon s ible for the output o f  s awn 

t imbe r  - Labour and Capit a l . The only indicato r s  

ava i l ab l e  t o  de scr ibe the s e  parameters we re persons 

engaged ( F . T . E . )  and k i l owatt ratings . Therefo re , they 

were u s ed . 

4 . 4 . 1 .  Singl e E s t imated Equations for the Total Time Span . 

F o l l owing e s t imat ion o f  the equat ions by five yearly 

i nt e rva l s , a s  de s cribed above , a s ingle equat ion was 

est imated u s ing the s ame var i ables for the total t ime 

per i od,  1 8 8 0  t o  1 9 9 0 ,  us ing the five yearly dat a from 

above . The e st imated equat ion conformed to the generali sed 

t ype , equat ion 4 . 1 , above . 

F o l l owing t h i s  i t  was decided that the pos s ible e ffects of 

t echnol ogy should be a l l owed for . Clear l y ,  technological 

e ffects could not be seen di rect l y  us ing these methods , but 

the e ffect s o f  t echnol ogy could be seen through t ime . 

Acc o rding l y , a s econd overarching equat ion,  similar t o  that 

above was e st imated, but with a third i ndependent variable 

i n c l uded, t h i s  being t ime . The a s s umpt ion behind this 

method was t hat it was " convenient " to assume that 

t e chno l ogy was s ome funct i on of the t ime measured 

chrono logi c a l l y . In this s ituat i on it was believed t hat a 

mea s urable var iable affect ing Y ( sawn t imber product i on )  



was s o  c l o s e l y  related t o  t ime that it was e a s i e r  t o  

int r oduce the t i me variable i t s e l f  rather t han t he basic 

var i ab l e . The general form of thi s hypothe s i z ed equat ion 

was ;  

Wher e  

Equation 4 . 2  

4 . 4 . 2 .  Re sult s . 

= 

= 

= 

= 

= 

= 
= 

sawn timbe r vo lume 
" Y "  int ercept t e rm 
sawn t imbe r  att ributable to 
the act ion o f  labour 
persons engaged in s awming 
( full t ime equivalent s )  

sawn t imbe r  a t t ributable to 
the use of non human power 
power rat ing o f  s awmi l l s  
( ki l owatt s )  

sawn t imbe r  " at t r ibut ab l e "  
t o  technologi c a l  change 
occurring ove r t ime 
t ime ( coded)  
error term 

The " over arching " equat i on for the ent i re t ime period, 

1 8 8 0  to 1 9 9 0 ,  without the t ime variable was as f o l lows ; 

1 8 8 0 - 1 9 9 0  

Anova 

P rod' n = 
S . E .  
t 
P = 
R2 = . 97 6  
F = ' 4 0 2 . 5 7 
P = 0 . 0  
df= 2 2  

2 0 3 4 6 9  + 
( 9 9 6 3 3 )  
( 2 . 0 4 ) 
( . 0 5 5 )  

R2 

6 6 . 6L + 
( 2 8 . 6 9 )  
( 2 . 32 ) 
( 0 . 0 3 1 )  

1 7 . 7K 
( 1 . 2 6 6 )  
( 1 3 . 8 8 )  
( 0 . 0 0 )  

( ad j . )  = . 9 7 3  

Thu s , t aken a s  a who l e ,  t he t tests  showed that the nu ll 

8 9  
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hypothe s i s ,  that t h e  leve l o f  product i on was not influenced 

by l abour and k i lowatt s could not be re j ected . Moreove r ,  

the Anova s howed t hat the nul l  hypothe s i s  that the 

regre s s or s ' means were the s ame was r e j ected . Both the R2 

and the adj u sted R2 were very high, meaning that var i at ion 

in the dependent variable , s awn t imbe r  product i on ,  wa s we l l  

expl a ined b y  the independent variabl e s ,  persons engaged 

( F . T . E . )  and k i l owatt s . Last ly , s igns of the coe ffic ient s 

we re a l l  po s it ive ,  meaning that each had a pos it ive effect 

on the product i on of s awn t imbe r . 

An inte rpret at ion of the equat i on was that holding the 

effect s of " k i l owatt s "  constant , each fu ll t ime equival ent 

person engaged was re spons ible for the produc t i on of 6 6 . 6  

cub i c  met re s o f  rough s awn timber ,  whi le each k i l owatt was 

respons ible for the product ion of 1 7 . 6  cubic metres o f  

timber ,  as suming "persons engaged" was he ld const ant . This 

amount s t o  an " average " result through the 1 1 0  years 

studied,  and c l e arly , it is not sens ibl e t o  hold othe r  

var i ables const ant , s o ,  as suming the exi stence o f  one 

per s on and one k i l owatt , then a result of 8 4 . 2  cubic metres 

i s  obt ained . Thi s ,  when added t o  the Y intercept o f  2 0 3 4 6 9 

give s a result o f  2 0 35 5 3 . 2  cubic met res . 

The e ffec t s  o f  " t echnol ogy " were e st imated in the next 

r e l at i onship , which gave the following est imated equat i on ;  



1 8 8 0 - 1 9 9 0  

Anova 

P rod' n = 

S . E .  

t 

P = 

R2 = . 9 7 8  
F = 2 8 5 . 6 8 
P = 0 . 0  
df= 2 2  

1 7 2 0 7 0  + 5 5 . 6 L + 1 5 . 6K + 
2 4 0 2 Yr 
( 9 8 95 0 ) ( 2 8 . 7 9 )  ( 1 . 7 8 1 )  
( 1 6 0 7 )  
( 1 . 7 4 ) ( 1 . 9 3 ) ( 8 . 7 8 ) 
( 1 . 4 9 )  
( . 0 9 8 )  ( 0 . 0 6 8 )  ( 0 . 0 0 )  
( 0 . 1 5 1 ) 

R2 ( adj . )  = . 9 7 5  

9 1  

The result supports the idea that the e f fects o f  technology 

were such as to increas e  product i on ove r and above the 

leve l  of product i on imp l ied by given leve l s  of l abour and 

c ap i t a l . The only stat i st i cally di ffi cult area was the high 

P va lue on the " Year " variab le . It  imp l i e s  that the nu l l  

hypothes i s ,  " that t ime ( as a proxy f o r  t e chnology) has n o  

e f fe ct o n  the product i on of sawn t imbe r " ,  c ould only be 

re j ected at a confidence leve l  of 8 4 . 9 % .  Mo st hypothe ses 

are re j e cted with around 95% confidence . However ,  the 

equat i on was a ccepted on the grounds t hat a loss  of 1 0 %  

confidence was more than compensated for by the other 

stat i st i c a l  t e st s ,  and by the usefulne s s  of the equat i on 

i t se l f . 

I t  states ,  i n t er al i a  , that hol ding a l l  other variables 

constant , s awn t imber product ion was e s t imated t o  increase 

at the rate of 2 4 0 2  cub i c  met re s per year as a result of 

t echnol ogical change , through t ime . 

4 . 5 . 1 .  P roducti on Trends; 1 8 8 0  - 1 9 90 . 



To gain s ome i dea of the t rends in the growth ( or 

otherwi s e ) o f  the factors o f  product i on and output , the 

fo l l owing var i ables were examined over t ime and var i ous 

equat i ons est imated for the i r  rate o f  growth;  rough s awn 

92 

. t imbe r  ( M3 )  , fu l l  t ime equ i va lent persons engaged, 

k i l owatt s and value added . Then , product i on o f  rough s awn 

t imbe r  per emp loyee and per k i lowatt and rea l  value added 

per empl oyee and per ki lowatt were found . Last l y ,  the rat io 

o f  the number of kilowat t s  per empl oyee was considered over 

the t ime per i od . The data were by five yearly interva l s , in 

the s ame sequence as det a i led above . 

The reason for doing thi s was t o  examine in mo re det a i l  the 

e ffect s of techn o l ogical change on s awn t imbe r product ion . 

Therefore it wou ld ·be pos s ible to gain an unde rst anding of 

the var i able s '  growth rat e s  themselves , and to get some 

understanding o f  the changes o f  the vari ables against one 

anothe r ,  and therefore a s s e s s  the i r  relat ive impacts on 

s awn t imbe r  p roduction . F o r  example ,  the capit al / l abour 

rat i o  examined over t ime would indicate whether 

techn o l ogical change has been l abour saving or capital 

s aving or neut ra l . By examining value added by itself and 

per unit facto r  o f  product i o n ,  some i dea o f  the role o f  

p ro f i t s  on technological might be a scert ained . 

4 . 5 . 2 .  The Growth of Sawn Timber P roducti on . 

S awn T imbe r  P ro duction was graphed against t ime t o  aid 
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visual examinat ion of the t rends . The result i s  t he j agged 

l ine in figure 4 . 1 .  Next , the ordinary least squares 

regres s ion l ine was plotted on the s ame graph , and this i s  

the straight l ine label led " t rend" i n  the same f i gure . 

Last l y ,  the l og o f  " cubic metre s "  was found and t h i s  was 

regre s sed aga inst t ime to give t he graphed l ine l abe l l ed 

" growth" in f i gu re 4 . 1 .  

I t  was suspected that the l og - norma l re l at i onship was a 

better de script i on of the change i n  s awn t imber p roduct i on 

over t ime , s o  a l l  the above dat a and hypothe s i z e d  l ines 

we re plotted t o  l og normal scale , and the result was figure 

4 . 2 .  In this  f i gure,  the previ ous l y  s t raight " t rend " l ine 

became curvi l inear and the " growth "  l ine became l i near . In 

both figure s  4 . 1  and 4 . 2 ,  the l og - norma l re l at ion ship 

appeared to b e  the be st fit . Thi s  was veri fied when 

regre s s i on e quat i ons were est imated for both forms . 

( di s cus sed l at e r )  . 

Vi sual examinat i on of the data reve a l ed that the growth of 

s awn t imber p roduct ion could be divided into two d i s t inct 

phases . The f i rs t  phase , from 1 8 8 0  to around 1 9 3 5  showed a 

gradual ,  i f  errat i c ,  rise in p roduct i on ,  whi l st the peri od 

from 1 9 3 5  t o  1 9 9 0 showed a rap i d  and relat ive l y  per s i stent 

growth in produc t i on . 

Exp l anations for these phenomena may be that the e a r l y  

period was t yp i fied b y  the s awing o f  indigenous t imbe rs by 
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such techn i que s a s  p it s awing , b y  sma l l  sawmi l l s powe red by 

wate r  and st eam, using c i rcular s aws and ve rt i c a l  

rec iprocat ing s aws f o r  primary ( and secondary ) breakdown , 

and a relat i ve absence o f  powe red o r  aut omated log moving 

techno l ogies within the mi l l s . 

The l ater per iod,  start ing around the t ime of the second 

world war ,  s aw the deve l opment of i ntegrated exot i c  

s awmi l l s  that we re de s i gned t o  t ake l arge vo lume s o f  

re l at ive l y  sma l l  logs , particularly a s  the harve s t ing o f  

exot i c  pines such as radiata gathered apace . Thes e  new 

mi l l s  incorporat ed such ma ss production technologies as 

powe red log movement in the m i l l s ,  bands aws for p rimary 

breakdown , high vol ume edgers , steam and elect r i ca l l y and 

hydraul i c a l l y  powered l og carriages and so on . Through 

t ime , these t e chnologies were deve l oped and improved a s ,  

for example , e le ctricit y  replaced steam and s o  on . I ndeed, 

the growth of s awn t imbe r  product i on has been exponent i a l . 

S awn t imbe r  p roduct ion was regre s s ed against t ime t o  gain 

s ome idea of the secular trend in s awn t imber product i on .  

Det a i l s  o f  the e st imated regress ion equat i on were ; 

1 8 8 0 - 1 9 9 0  P ro d  = - 3 3 0 5 3 0 3 0  + 1 7 6 4 1  Years 
S . E .  ( 3 0 6 9 0 1 5 )  ( 1 5 8 6 )  
t ( - 1 0 . 7 7 )  ( 1 1 . 1 2 )  
P = ( 0  ) ( 0  ) 
R2 = . 8 5 5  R2 ( adj ) = . 8 4 8  

Anova F = 1 2 3 . 7 4 
P = 0 
df = 2 2  
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The equat i on was a useful one in that a l l  the summary 

s t at i s t ic s , t value s ,  f va lue s , R2 , etc . are accept able . In 

e s s ence , it means that sawn t imbe r  product i on was 

increas ing,  on average , at about a rate o f  1 7 , 6 1 4  cubic 

met re s  per annum . Thi s could be descr ibed a s  the secular 

t rend . However ,  as ment i oned above , the growth o f  sawn 

t imbe r product i on could be described as o ccurring in two 

di st inct pha se s ,  one o f  s low init ial growt h ,  fo l l owed by an 

e r a  o f  rapid growth . 

A second regre s s i on equat i on was hypothe s i zed whi ch stated 

that growth o f  s awn t imbe r  product i on was occurring at a 

rate such that the var i abl e ,  sawn t imber product i on ,  was 

best des c r ibed as the natural l og of sawn t imbe r  

product i on . 

I n  y� - B1 + H2X21 + U �  

Whe re I n  Y = natural log o f  s awn t imbe r 
volume 

Bl 
= " Y "  intercept t e rm 

B2 
= s awn t imbe r product i on 

occurring over t ime 
X2 

= t ime ( year s )  
ui = error term 

Equati on 4 . 3  
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The r e s u l t ing regre s s i on equat ion was ; 

1 8 8 0 - 1 9 9 0  I nP rod= -1 8 . 8  + 0 . 0 1 6 8 Years 
S . E .  ( 2 . 3 9 7  ) ( 0 . 0 0 1 2 3 8 ) 
t ( -7 . 8 4 ) ( 1 3 . 5 7 )  
P = ( 0 )  ( 0  ) 
R2 = . 8 9 8  R2 ( adj ) = . 8 9 3  

Anova F = 1 8 4 . 1 4 
P = 0 
df = 2 2  

The summary stat i stics were a l l  accept ab l e , given that each 

nu l l  hypothe s i s  could be re j ected . Moreove r ,  there was an 

improvement in each of the coeffic i ent s .of determinat ion . 

Thu s , the l ogarithmic relat i onship was a s l ight l y  better 

de s cr ipt o r  of the growth of s awn t imbe r  product i on than the 

unt rans f o rmed vers ion . 

The equat i on was conve rt e d  into the " exp onent i a l "  form ,  as 

f o l l ows ; 

Y = ae ex 

whe re e = 2 . 7 1 8 2 8  
a = the inte rcept term 
c = the hypothe s i zed g rowth constant 
x = t ime in years 

E qu at i on 4 . 3  

s awn t imber product i on = ( 6 . 8 4 * 1 0  -9 ) e ( 1 6 . 81 * 1 0-J ) years 

4 . 5 . 3 .  The Growth o f  Labour Employment Level s . 2  

The numbers o f  persons engaged ( fu l l  t ime equiva l ent s )  in 

t he s awmi l l ing industry was graphed against t ime . At t he 
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s ame t ime , the o rdinary least square s regre ss ion l ine was 

s uperimposed upon this  graph , and was l abe l led " t rend " , as 

was the regre s s i on l ine o f  the logarithm of persons 

engaged, and t h i s  was l abe l led "growth " . The resu l t  was 

f i gure 4 . 3 .  F o l l owing thi s ,  f igure 4 . 4  was constructed,  

which shows pers ons engaged ( empl oyee numbers ) on a 

l ogarithmic s c a l e  ( Y  axi s )  against t ime to normal s c a l e  ( X  

axi s )  . 

Visual exami nat i o n  o f  the dat a revealed that the pe r i od 

from 1 8 8 0  to 1 9 3 5  was typ i fied by e rrat i c  change s i n  t he 

numbers o f  pers ons engaged,  although the secular t rend was 

mildly po s it i ve . Three ma j o r  col l apses in the numbers o f  

persons engaged during this e r a  c o u l d  b e  put down t o  

economic rece s s i on s . The peri od f rom around 1 8 8 5  t o  1 8 9 5 

was a t ime o f  a ma j or world reces s i o n ,  and there was a 

leve l l ing o f  i n  world economic g rowth t rends just p r i o r  t o  

the second wor l d  war . The Great Depre s s ion o f  the 1 9 3 0 ' s 

showed a s lump i n  numbers as wel l ,  fal l ing t o  those o f  the 

turn o f  the century . 

Afte r  about 1 9 3 5 ,  through to the l at e  1 9 5 0 ' s ,  there was a 

rapid and per s i st ent increase i n  emp l oyment leve l s , and 

thereafter g rowth of numbers o f  persons engaged became more 

or l e s s  stat i c . 

�he per s i st ent g rowth for the 2 0  t o  2 5  years from around 

1 9 3 5  could be put down to any one ( or a l l )  o f  a numb e r  of 
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factors . F i rs t l y ,  fol l owing t he worst years o f  the Great 

Depre s s ion , a round 1 9 3 2 ,  the world ( and New Zealand)  

economy began and cont i nued a recovery that eventua l ly 

became a boom . 3 S econdly , t he second world war fuel l ed 

demand for many commodit i e s , inc luding sawn t i mbe r . 4  

Thi rdly , and as ment i oned i n  the sect ion on sawn t imbe r 

product ion growt h ,  new s awmi l l ing technologies sawmi l l s  

we re innovat ed into New Zea l and t o  handle t he vast vo lume s 

o f  sma l l  p i ece s i zed l ogs t hat were corning on st ream from 

t he exot i c  p l antation forest s . Increas ing amount s o f  l abour 

were drawn i nto the re lative l y  product ive ,  modern , 

i ntegrated s awmi l l s  dur ing an important expans i on phase . 

S ince a round 1 9 6 0 ,  there has been only minor c hange in 

emp l oyment l eve l s  as the i ndu stry apparent l y  moved into a 

phase o f  re l at ive stab i l it y  i n  employment . 

The numbers o f  persons engaged ( F . T . E . )  were regre s sed 

against t ime t o  ascert a i n  the secular growt h  t rend . The 

mo st suitab l e  equation was o f  the untran s formed t ype , and 

i t s  det a i l s  we re ; 

1 8 8 0 -1 9 9 0  P e rson= - 6 0 7 4 9  + 3 3 . 7  Years 
S . E .  ( 1 0 1 7 4  ) ( 5 . 2 5 7 ) 
t ( -5 . 9 7 ) ( 6 . 4 1 ) 
P = ( 0 )  ( 0 )  
R2 = . 6 6 2  R2 ( adj ) = . 6 4 6  

Anova F = 4 1 . 1 4 
P = 0 
d f  = 2 2  

Whi l st the t values and anova were o f  a suitab l e  l e ve l ,  the 



c o e f f i c i ent s o f  determinat i on were l ow, indicat ing that 

only around 6 5 %  o f  the vari at i on in persons engaged was 

" expl a i ned " by t ime . None the l e s s ,  this equat i on does 

des c r ibe a secular trend in employment leve l s  i n  the 

industry,  showing that , on average , about an e xt r a  3 4  

people p e r  year were engaged ( di rect l y  or i ndi rect l y )  in 

the sawing o f  boards from l ogs . 

4 . 5 . 4 .  The Growth of Ki lowatts . 

1 0 3  

The k i l owatt rat ing of a l l  s awmi l l s  engaged i n  the i ndustry 

was graphed against t ime in years . Then ordinary l e a st 

s quares regres s i on line o f  the two was super imposed on the 

s ame graph , and was label led " t rend" . Last l y ,  l og a r it hms of 

" k i l owatt s "  was regre ssed against t ime and the r e s u l t ing 

l ine was a l s o  super imposed, as above . The re s u l t  was 

f i gure 4 . 5 .  F o l l owing thi s ,  t he same dat a were drawn on a 

" l og norma l " graph, with the result being f igure 4 . 6 . 

The fi r s t  thing that was not i ced about the k i l owatt t ime 

series  was t he i r  relat ive smoothness compared with any ove r 

t he othe r var i ables that graphed in a s imi l ar mann e r . 

T rends were not errat i c  and growth was very pers i st ent when 

i t  occurred,  part icularly a fter 1 9 3 5  - 1 9 4 0 . 

As with s awn t imber product i on and persons engaged,  t he 

" ki l owat t "  t ime series cou l d  be broken down into t wo or 

three d i s t inct phases . The f i rst phase , from 1 8 8 0  to 1 9 35 -
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1 9 4 0  showed a period of re lat i ve l y  stab l e  leve l s  o f  

k i l owatt s  i n  the i ndustry , with a maximum o f  1 4 5 3 1  

k i l owatt s  i n  1 9 1 0 . Thi s  wa s t he era o f  i ndigenous 

s awmi l l ing , of numerous mi l l s  us i ng re l at ive l y  sma l l  power 

s ources ( water whee l s ,  reciprocat ing steam engine s ,  etc . ) , 

a with a re l at i vely sma l l  throughput capac i t y  o f  wood . 

I ndigenou s l ogs t ypical l y  showed a high l y  var i ab l e  piece 

s i z e , with some spec ies ( e . g .  beech [ No t hofagus spps . ] ,  

kahikatea [ Podocarpus dacrydoi des ] ) ,  having l a rge amounts 

of de fect , and h i ghly variab l e  sawn t imber grade out turn . 

M i l lers t yp i c a l l y  had no need for l arge throughput mi l l s ,  

and somet ime s whole days we re spent o n  j ust sawing one 

l a rge l og . In addition,  not much power was u s ed t o  move 

l ogs and s awn t imber within t he mi l l ;  most o f  t h i s  was done 

by human beings . 

Afte r  1 9 4 0 ,  t he amount o f  power in the i ndu s t ry increased 

rap i dly as exot i c  timbe r  s awmi l l s  were bu i l t . The i r  chief 

charact e r i s t i c s  were that a high throughput of r e l at i vely 

sma l l s o ft wood l ogs was requ i red, al ong wit h  increas ing 

l eve l s  of aut omat ion of t imbe r  and log hand l ing within the 

mi l l s . Afte r  1 9 6 5  - 1 9 7 0 ,  the rate of i ncrease ' o f  ki l owatt s 

i n  s awmi l l ing f el l  o f f ,  and this t rend c ont inues t o  t he 

present where t he re i s  a new and increas ing emphas i s  on 

maximi s ing grade out turn on logs , rather t han . attempt ing 

ever h i gh h igher vo lume s of t hroughput . 

Vi sual examinat i on o f  the k i l owatt t ime series wou l d  lead 
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the obs e rver t o  conc lude that an equat i on de s c r ibing a 

s i gmoid growt h  curve woul d  be adequate as a de s cr iptor o f  

trends . Cert a inly , the c omputat i on of a l inear curve via 

ordinary least square s gave a coefficient of det erminat ion 

of . 8 2 8 . However ,  it was f ound t hat taking the natural 

logarithm o f  k i l owatt s  and regre ss ing thi s against t ime 

gave a c o e f f i c i ent of det e rminat ion of . 9 1 9 . The equat ion 

so computed was ;  

1 8 8 0 - 1 9 9 0  I nKw -52 . 3 9 + 0 . 0 3 2 1 Years 
S . E .  ( 4 . 0 1 8  ) ( . 0 0 2 0 7 6 )  
t ( - 9 . 8 5 ) ( 1 0 . 0 5 )  
p = ( 0  ) ( 0  ) 
R2 = . 9 1 9  R2 ( adj ) . 9 1 6  

Anova F = 2 3 9 . 5 1 
p = 0 
df = 2 2  

I n  e xponent i a l  form, t he e quat i on i s ;  

Ki lowatts = ( 1 . 9 32 * 1 0-23 ) e ( . 0322  years ) 

4 . 5 . 5 .  Value Added . 

The c a l culat i on of real va lue added wa s achi eved by taking 

nominal va lue added t hrough t ime and then de f l at ing this by 

an appropriat e  deflat o r . 5 Thus , real value added was a 

f i gure t hat was adjusted f o r  the e ffects o f  i n fl at ion . 

F i gure 4 . 7 s hows the t rend o f  real va lue added by years . It  

des c ribes a relat ive l y  steep ,  if  e rrat i c , rise in real 

value added for the produ c t i on o f  s awn t imbe r . Ma j or fal l s  



1 0 8  

i n  the l eve l  o f  real value added were seen i n  the years 

1 9 1 0 - 1 9 2 0 ,  1 9 3 0 - 1 9 3 5 ,  1 9 6 5 - 1 9 7 0 ,  and 1 9 8 0 - 1 9 9 0 . F igure 4 . 8  

s hows t he natural logarithm of real value added by years . 

The dec ade , 1 9 1 0 - 1 92 0 ,  might wel l  be exp l a ined by the f i r st 

world war and i t s  aftermat h . During such t ime s , given that 

t he de cade showed no ma j o r  techno logical change s ,  l abour 

and res ources would have been drawn into the war effort , 

t he reby forc ing up prices o f  the factors o f  p roduct ion used 

in l ogging . Thu s ,  the price of the raw mat e r i a l , l ogs , 

wou l d  have ri sen . S imul t aneous l y ,  government po l i c i es aimed 

at p r i c e  stab i l i sat ion wou l d  have he ld the p r i ce o f  sawn 

t imbe r  i n  check . Squee z ed from both ends , sawm i l lers woul d  

have faced fa l l ing r e a l  added va lues . 

The second ma j or dec l ine , during 1 9 3 0 - 1 9 3 5 ,  c ould be put 

down t o  the Great Depre s s i on . Demand for hou s i ng and 

c o n s t ruct ion genera l l y  fe l l  away , thereby c reat ing surplus 

i nvent ories  o f  sawn t imbe r  and surplus c apac i t y  throughout 

t he industry . There fore , s awn t imbe r  prices would have been 

f orced down , leading t o  c o l l apse i n  the l eve l o f  real va lue 

added . 

S o  far a s  1 9 6 5 - 1 9 7 0  i s  concerned, t here was a rece s s i on 

whi ch hit New Zealand,  part i cularly in 1 9 6 7 - 1 9 6 8 . The 

bui l ding and construct i on i ndustry was badly hit in that 

the re was a f a l l o f f  in the demand for h ou s i n g ,  and 

there fore in s awn t imbe r . 



��--------------------------------------------------------------� 
.... 

� 
t1 
(I) 
� 
..J 

S' 
� 
I-' 

� 
I-' 
c:: 
(I) 

5: 
0. 
(I) 
0. 

7eeeeee 

6eooaaa 

saaaaaa 

1aaaaaa 
R . V . A .  C L )  

3aooeae 

2eaeeea 

REAL VALUE ADDED 

I 
I 

/ \ ,  
/� tAli 1 . 

,/ /' � 
/tt 

,..A "'/V/ 
1eeeeee L )(. "1 

. ./ 
.
--./ 

e Vt I I I I I I I I I I I I I I I I I ! I 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
B B 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 �! 
9 g e e 1 1 2 2 3 3 1 4 S S 6 6 7 7 B 8 9  
e s e s e s e s e s e s e s e S e S e S 0  

Years 

_.- REAL 
VALUE 
ADDED 

- - Trend or 
R . V . A .  

- -GrollJth of 
R . V . A .  



�.-----------------------------------------------------------------� �. 
� 
11 
CD 

oIlo 
. 
en 
t'f o I.Q JU 11 �. rt 

laaaaaaa 

g laaaaaa 
o HI 
� R . U . A .  (L ) 
JU .... 

� laeaae 
.... 
c:: 
CD 

� 
Po 
P­
CD 
Po 

� 
r:T r  .. 

! I 
t 

REAL UALUE ADDED 

-A . � r:r-�./-� _. � _. 

,,�9' . 
�?0,. 

-

. # • 

. . laaae 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
9 9 a a l 1 2 2 3 3 4 4 S S 6 6 7 7 8 8 9 
a s a s a s a s a s e s a s a S a S a S 0 

Years 

--- REAL 
UALUE 
ADDED 

- - Trend of 
R . V . A .  

- - Growth of 
R . V . A .  

I-' 
I-' 
o 



1 1 1  

The most recent dec l i ne i n  real value added could be put 

down to a r i s e  i n  the price of s awlogs . The avai l ab i l it y  of 

s awl ogs in the P aci f i c  Rim has been fal l i ng s ince around 

1 9 8 0 ,  with a consequence that prices have been r i s ing 

i nt e rnat ion a l l y . Dur ing this t ime , gove rnment imposed 

s aw l og price contro l s  we re scrapped,  with the result that 

forest owners were able to s e l l  the i r  l ogs to a l l  comers , 

and at the highe st p r i ce . Thus , interna t i onal l og buye rs 

have forced prices up for New Zeal and domest i c  sawmi l lers . 

Add i t i ona l l y ,  New Z e a l and has been i n  the grip o f  a seve re 

e c on omi c rece s s i on, with the usual fall o f f  in bu i lding 

act ivit y . Thus demand for sawn t imber has fal len o f f  

qu i c kl y . 

Despite the fa l l s  i n  real value added, it i s  t rue t o  say 

t hat there was a ma rked r i se i n  real va lue added over t he 

years 1 8 9 0 - 1 9 9 0 ,  taken a s  a secular trend . The ordinary 

l e a st s quares equat ion was ; 

1 8 9 0 - 1 9 9 0  Rea lVA= - 9 5 0 5 2 5 3 6  + 5 0 3 1 5  Years 
S . E .  ( 1 0 6 4 8 1 6 2 )  ( 5 4 8 8  
t ( - 8 . 9 3 ) ( 9 . 1 7 ) 
P = ( 0  ) ( 0 )  
R2 = . 8 1 6  R2 ( adj ) = . 8 0 6  

Anova F = 8 4 . 0 5 
P = 0 
df = 2 0  

The equat i on repres ent s an average growth i n  real va lue 

added of 1 . 1  percent per annum . 

I t  was found that a s l ight ly better coe f f i c i ent o f  



dete rminat i on was obt ained by us ing the logarithmi c  

t ran s fo rmat ion o f  real value added and regre s s ing t h i s  

against t ime . The o rdinary l e a s t  square s equat i o n  so 

obt a ined was ;  

1 8 9 0 - 1 9 9 0  InRVA = - 3 0 . 8  + 0 . 0 2 3 3 Years 
S . E .  ( 4 . 2 6 4  ) ( O . 0 0 2 1 9 8 )  
t ( - 7 . 2 2 ( 1 0 . 6 2 )  
p = ( 0 )  ( 0  ) 
R2 = . 8 5 6  R2 ( adj } = . 8 4 8  

Anova F 1 1 2 . 8 1 
p = 0 
df = 2 0  

Expre s s ing t he equat ion i n  e xponent i a l  form give s ;  

rea l  value added = ( 4 . 2 0 4 6 * 1 0-14 ) e ( . 02 3 2 5 6  years ) 

Given that both equat i on s  y i e l d  s imi lar c o e f f i c ient s o f  

1 1 2 

det e rminat i on ,  and that there wi l l  probab l y  continue to be 

a f a l l  in real va lue added as a result of internat i onal 

price shocks , i t  is a rgued t hat the normal l inear "equat ion 

i s  the best de s c r ipt o r  for the t ime series . 

4 . 5 . 6 . P roduct per Person Engaged . 

The r at i o ,  "product p e r  person " was graphed against t ime 

and the result was figure 4 . 9 .  The t rend l ine shown in the 

s ame f igure is t he o rdinary least s quare s regre s s i on l ine 

f o r  the two vari able s ,  whi l st t he l ine l abe l led " growth"  

shows t he log o f  product per person aga inst t ime .  
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The f i gure revealed that there was a steady ,  i f  errat i c ,  

growt h  i n  the rat io , " product per person " .  I t  was 1 3 5  cub i c  

met r e s  per person i n  1 8 8 0  and 3 7 9  cubic met re s  i n  1 9 9 0 . 

Howeve r ,  there were many instances o f  t h i s  measure fal l ing . 

I t  fe l l  during t he years 1 9 1 5 - 1 92 0 ,  1 9 4 0 - 1 9 4 5 ,  and 1 9 8 0 -

1 9 8 5 . The f i r st two c a s e s  coincided wit h  wor l d  wars . 

Expl anat ions for thi s  might be that with the emphas i s  on 

inc reas ing p roduct i on during times of nat i onal c ri s i s ,  at 

any cost , more and more o f  t he vari able fact o r ,  l abour was 

added t o  a re lative l y  f i xed amount of c ap i t a l . Thus 

dimin i shing returns were encountered, meaning that l abour 

product ivity fe l l ,  even though the abs o l ut e  leve l  o f  

product i on rose . Another explanat i on could l ie i n  t he fact 

that r e l at ive l y  ski l l ed sawyers were i nducted into the 

a rmed forces i n  the e a r l y  years of the war ,  and we re 

rep l aced by c omparat ive l y  unskil led labou r . A learn ing 

curve would have confronted the new labou r ,  whi ch woul d  

have t aken s ome t ime t o  t raverse . 

Al l t h i s  ignores the po s s ibi l ity t hat l abour may have been 

a r e l at ive l y  cheap fact or of product i on , c ompared with 

c ap i t a l  dur ing t hese years , so l abour c ou l d  have been 

s ub s t i tuted in place of capital , t hereby l owering i t s  

phys i c a l  product . 

I n  contra dist inct ion t o  the above a s s e rt i o n ,  t he 

i nt r oduc t i on o f  new t e c hnol ogies ( e . g .  exot i c  s awmi l l s )  
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f rom overseas , reflected a capit a l / l abour use rat i o  that 

might not have been re l evant in the New Zealand cost 

e nvi ronment . Thus the New Zealand sawmi l l ing industry wou l d  

have been forced t o  u s e  more l abour i n  the product ion o f  

s awn t imbe r  than woul d  otherwise have been t he case . 

T h i s  i s  a tenuous hypothe s i s  at best , s ince We stern ( non 

t h i rd world)  produc t i on functions tend to be labour s aving 

rather then l abour u s ing . 

Last l y ,  it could have been the case , g i ven r i s ing demand 

for s awn t imbe r  ( and a l l ied product s ) , t hat it became 

e xpedient t o  use more l abour in t he product i on o f  s awn 

t imber ,  g iven that i t s  unit value woul d  have been r i s ing, 

whi l e  the c o s t s  of l abour were re l at ive l y  steady . 

I n  general , a s  ment i oned above , t here has been steady r i s e  

i n  t he phy s i c a l  output o f  s awn t imber per unit l abour . Th i s  

shou ld not b e  unexpe cted . Most forms o f  techno logy tend t o  

b e  l abour s aving and c apital intens ive , whi ch reflect s the 

r e l a t ive p r i c e s  of c apital and l abour;  l abour being usua l l y  

more expens i ve than c apital . Moreover , t hrough t ime ,  the 

c ap i t a l  intens ity of i ndustry t ends to r i s e ,  whi l st l abour 

intensity t ends to f al l . Thi s  process i s  a i ded by genera l ly 

i n c reas ing leve l s  o f  educat i on and train ing on the part o f  

t he workforc e , making l abour ever more product ive , and 

being abl e  to master and operate more complex product ion 

methods . 
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The equat ion t hat be st des cribed the t rend i n  s awn t imber 

p roduct i on per person was obtained us ing an ordinary least 

s qu a res regre s s ion o f  product per person against t ime the 

result was ;  

1 8 8 0 - 1 9 9 0  P rod/Pers= -3 6 8 4  
S . E .  ( 4 5 4 . 4  
t ( - 8 . 1 1 ) 
P = ( 0 )  
R2 . 7 7 9  R2 ( adj ) 

Anova F = 7 4 . 0 8 1  
P = 0 
df = 2 2  

+ 2 . 0 2 Years 
( 0 . 2 3 4 8 

( 8 . 6 1 ) 
( 0 )  

= . 7 6 9  

Thi s  means that there wa s an ave rage growth rate i n  this  

p roduct ivity measure o f  0 . 6 4 per cent per annum , for the 

t ime period c ons idered . In other words , the phy s i c a l  

p roduct o f  labour more than doubled during 1 1 0  years . 

4 . 5 . 7 .  The Growth o f  P roduct per Kilowatt . 

F i gure 4 . 1 0  dep i cts the actual change s i n  the measure 

" product per k i l owatt " , whi ch i s  the j agged l ine . The 

s t ra ight l ine is the ordinary least s quares regre s s i on 

l ine , and i s  used t o  depict the secular t rend o f  the actual 

dat a . The curvi l inear l ine shows the relat i onship between 

t he logarithm of product per k i l owatt and t ime . F i gure 4 . 1 1 

shows the s ame data and t rend l ines on a l og - normal 

g raph . 

I n  contrast with the measure , "product per employee " ,  

p roduct per k i lowatt has shown a downward t rend through the 
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1 1 0  years examined . I n  1 8 8 0 ,  the mea sure s t ood at 1 0 6  cub i c  

met re s  of s awn t imbe r  p e r  k i l owatt , whe re a s , by 1 9 9 0 ,  the 

f i gu re was 2 3  cub i c  met res per k i l owatt . 

Thi s i s  expected,  s ince western techno l ogy tends t o  be 

c ap i t a l  us ing and l abour s aving . Thus through t ime , more 

and more cap i t a l  tends to be used in p roduct ion,  and in 

t h i s  s awmi l l ing examp l e ,  capital cou ld be represented by 

t he amount of k i l owatt s  which are inherent in it . This i s  

t o  s ay that more machine power i s  used t o  s aw wood than 

human powe r ,  through t ime . 

There was a part i cu l arly dramat ic f al l  i n  product i on p e r  

k i l owatt i n  t h e  years 1 9 0 5 - 1 92 0 . Thi s  e r a  marked t h e  zen ith 

o f  t he Auck l and Kau r i  s awmi l l ing indus t r y ;  returns were 

good,  and given a reasonable demand , high leve l s  o f  

i nve stment pertained and more and more phys ical cap i t a l  was 

emp l oyed to get the p roduct ion o f  s awn Kauri t imbe r  up . 

The secular t rend was found us ing o rdinary least s quares 

regres s i on . It was ; 

1 8 8 0 - 1 9 9 0  P rod/Kw= 1 6 65 + 0 . 8 3 1  Years 
S . E .  ( 1 7 0 . 3  ) ( 0 . 0 8 8 0 1  
t ( 9 . 7 7 ( - 9 . 4 5 )  
P = ( 0  ) ( 0 )  
R2 = . 8 1 0  R2 ( ad j ) = . 8 0 0  

Anova F = 8 9 . 2 4 
P = 0 
df = 2 2  

Thi s  mean s , that on average , t he phy s i c a l  product o f  
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k i l owatts ( in t e rms o f  s awn t imber )  was f a l l ing at just 

under 1 percent per annum . F o r  the whole 1 1 0  years , t he 

fa l l  repre sents a factor o f  2 . 8 8  t imes down on the init i a l  

measure . 

I t  was found t he regres s ing the natural l ogarithm o f  

p roduct p e r  k i l owatt against t ime gave a s l ight l y  improved 

coeffic ient of determinat i on . The f o l l owing det a i l s  

perta ined t o  the regre s s i on ;  

1 8 8 0 - 1 9 9 0 I nP R/Kw= 
S . E .  

Anova 

t 
P 
R2 
F 
P 
df 

= 
= 
= 
= 

3 3 . 6  + 
( 2 . 6 8 7  ) 
( 1 2 . 5 1 
( 0  ) 
. 8 5 4  R2 ( ad j ) 
1 2 2 . 6 2 
o 
2 2  

0 . 0 1 5 4 Years 
( 0 . 0 0 1 3 8 9 )  

( -1 1 . 0 7 )  
( 0  ) 

= . 8 4 7  

The exponent i a l  form o f  this equ at ion i s ;  

product per k i l owatt = ( 3 . 9 1 1 * 1 0 1 4 )  e (- . 01 54 years ) 

Based on the f i ndings in t h i s  work, it may be argued that 

it i s  better t o  use the natural logarithmic form o f  the 

regress i on equat i on as a de s c r iptor for t wo reasons ; 

1 .  I t  gives a s l ight l y  better c o e f f icient of 

det e rm inat i on than the straight l inear form . 

2 .  The st raight l inear form predic t s  that by the 

year 2 0 0 5 ,  t here wi l l  be z e r o  p roduct per 

k i l owatt ,  whi ch is an absurdi t y . On t he other 

hand, a vi sual examinat ion of t he dat a revealed 
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t hat s ince about 1 9 5 3 ,  there has been a st eady 

f a l l ing o f f  in the dec l ine of k i l owatt 

product ivity . That i s  to say t hat some 

l ogarit hmic funct i on best de s c r ibes the se l at e r  

years . Moreove r ,  the exponent i a l  form o f  the 

equat i on predicts that by 2 0 0 5 ,  there wi l l  be 

about 1 5  cub i c  metres of s awn t imber produced 

for every k i lowatt of powe r i n  the s awmi l l ing 

i ndust ry . 

4 . 6 . 8 .  Real Value Added per P e rs on . 

The nominal f igure for va lue added was c o rrected by the 

c ompo s ite price index , and then converte d  to 1 95 5  pounds . 

The symbo l " L "  means " pounds " .  

The f i gure for real value added was divided by the number 

of persons engaged i n  the indust ry . Thes e  results were 

p l otted as a t ime series and are s hown as figure 4 . 1 2 .  The 

s t ra ight l ine i s  the o rdinary least s qu a res regre s s i on o f  

the measure aga inst t ime , whe reas , the curvi l inear f o rm i s  

the l ogarithm o f  real value added p e r  p e rson regre s sed 

against t ime . F i gure 4 . 1 3 i s  s impl y  the s ame det a i l  p l ot ted 

in a l og - normal relationship . 

I n  general , between the years 1 8 9 0 t o  1 9 9 0 ,  there was an 

errat i c ,  though persi stent r i s e  i n  rea l value added per 

per s on engaged . I n  1 8 9 0 ,  around L2 2 3  ( 1 9 5 5 ) o f  value wa s 



REAL VALUE ADDED per PERSON 

lZee 
• 

leee / ,--.-------, 

aee 

R . V . A .  Person Gee 
(L ) 

/.l( / 4aa jx::-f'/< 
zee .�-. V 

at l i l l � 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
9 g e e l 1 2 2 3 3 4 4 S S 6 6 7 7 8 8 9  
e S e S 0 S e S e S e S 0 S e S e S e s e  

Years 

-- REAL 
VALUE 
ADDED per 
PERSO" 

- � Trend of 
R . U . A . /PE 
RSOtt 



leeee 

R . V . A .  Person 
leee 

( L )  

REAL VALUE ADDED per PERSON 
. 

. 

-

ft. '  
A :;... .-'I".� fi L  :\. ..".. -i-. . I I .V:r" _ \/ 

� ;j;iis;l ;, 
. 

£€ 
. .-,� \ r 

t r \l 
lee � I I I I I I I I I I I I I I I I I I I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
9 g e e 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 
e s e s e s e s e s e s e s e s e s e s o 

Years 

--- REAL 
VALUE 
ADDED per 
PERSON 

. - Trend or 
R . V . A . /PE 
RSOtt 



1 2 4  

added per person engaged, and i n  1 9 9 0 ,  the figure was L 7 5 6  

( 1 9 5 5 )  . 

Sharp r i s e s  i n  real value added pe r pe r s on occurred du ring 

1 92 0 - 1 9 2 5 , and again dur ing 1 9 7 0 -1 9 8 0 . This apparent r i s e  

i n  product ivity cou l d  b e  put down t o  fa l l ing empl oyment 

l e ve l s  i n  s awrni l l ing,  coupled with relat ively stab l e  real 

value added t rends . Thi s imp l i e s  t hat a s  worke rs were shed , 

i n c reas ing returns t o  the variable fact o r ,  l abour,  were 

g a i ned as the industry moved down t he s igmo idal return s 

c urve . 

G iven the gene ral r i se through the 1 0 0  year s ,  it was 

pos s ib l e  to postulate t hat s awmi l l ing t echnologies tended 

t o  be more l abour s aving through t ime . In other words , the 

c ap i t a l  inten s i t y  of the industry incre ased . It i s  

d i f f i cult t o  att ribute the s ource o f  i n cremental added 

values . Techn o l ogy , with a tendenc y  t o  be l abour s avin g ,  

might we l l  have been respon s ible for the increment al added 

value , but then the de finit i on of techn o l ogy a l l ows for the 

c hanging ( and growing)  e xpert i s e  of l abour . That is to say 

t hat cap i t a l  may have become more product ive , but equ a l l y  

( and s imul t aneou s l y ) ,  s o  might l abour . Moreove r ,  a s  t he 

stock o f  c ap i t a l  per unit l abour incre ased, so the 

t echnical  demands p l aced upon l abour would increas e ,  

imp l y i ng a c on j o int inc rement i n  product ivity for both 

factors . The p r oblem is one o f  ident i fy ing the return s t o  

t he fact ors . 
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What ever t he c a s e ,  t he r i s ing value added t rend for l abour 

points to a steady ( i f  undramat i c )  r i s e  in the 

" compe t i t iven es s "  o f  s awmi l l ing . Steady economi z ing o f  the 

more expens ive res ource ( l abou r )  with r i s ing added va lues , 

meant t hat more economy in the use o f  c apital was pos s ible . 

F o r  example , t he wi s e  use o f  capital machinery could mean 

increas ing product vari ety , di ffe rent i at ion and shorter 

p roduct i on run s . 

Rea l  val ue added per pe rson was regres sed against t ime 

u s ing ordinary least square s ,  and the resulting equat i on 

was ; 

1 8 9 0 - 1 9 9 0  RVA/Per= - 1 3 0 8 0  + 7 . 0  Years 
S . E .  ( 1 7 8 4 ) ( 0 . 9 1 9 4 
t ( -7 . 3 3 ( 7 . 6 2 ) 
P = ( 0 )  ( O  ) 
R2 = . 7 5 3  R2 ( ad j ) = . 7 4 0  

Anova F 5 8 . 0 2 
P = 0 
df = 2 0  

The equat i on impl ied that i n  gene ral , t here was about a 1 

percent r i s e  per annum in real value added per person 

t hrough t he 1 0 0  years . 

4 . 5 . 9 .  Real Value Added pe r Kilowatt . 

The f i gure for real value added was divided by the numbe r  

o f  k i l owat t s  engaged i n  the indu s t ry . These results we re 

p lotted as a t ime series  and are shown as figure 4 . 1 4 . The 
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straight l ine i s  the ordinary least squares regre s s i on o f  

t h e  measure against t ime , wherea s , the curvi l inear form i s  

t h e  l ogarithm o f  real value added per k i lowatt regre s sed 

against t ime . F i gure 4 . 1 5 is s imply the same det a i l  p l otted 

in a l og - normal relat i onship . 

I n  contrast t o  the measure o f  real va lue added per person , 

real value added per k i lowatt des cribed a very errat i c  and 

almost impercept ib le fa l l . In 1 8 9 0  the figure stood at L 1 2 5  

( 1 9 5 5 )  value added per k i l owatt , and i n  1 9 9 0 i t  stood at 

L 4 7  ( 1 9 5 5 )  va lue added per k i l owatt . Wh i le a f a l l  of L7 8 

( 1 9 5 5 )  might appear l arge , cons i derat i on of the ordinary 

least s quares regre s s i on of real value added per k i l owatt 

aga inst t ime produced the equat i o n ;  

1 8 9 0 - 1 9 9 0  RVA/Kw = 1 5 7 6 0 . 7 62 Years 
S . E .  ( 5 2 3 . 7  ( 0 . 2 6 9 9  
t ( 3 . 0 1 ) ( - 2 . 8 2 ) 
p = ( 0 . 0 0 7 )  ( 0 . 0 1 1 )  
R2 = . 2 9 5  R2 ( ad j ) = . 2 5 8  

Anova F = 7 . 9 6 2  
p = 0 . 0 1 1  
df = 2 0  

Thi s  equ at i o n  was cons idered unacceptable becau s e  o f  t he 

low value for the coefficient o f  dete rminat ion . Thi s was 

ver i fied by vi sual examinat i o n ;  there was no rea l  obvious 

t rend in the data . 

P robabl y  the only thing that could be said was t hat given 

no obvious c hange i n  the value for real value added per 
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k i l owatt , was that the pri ce o f  capit a l , a s  represented by 

k i l owat t s , kept pace with its product ivi t y ,  as mea sured by 

r e a l  value added per k i l owatt . Thi s ,  t aken in con junct i on 

w i t h  the upward t rend in real value added per pers on 

engaged,  points t o  a relat ively stat i c  c o st o f  capital in 

t e rms of p roduct ivity and a rise in the product ivity of 

l abour . Howeve r ,  the s e  trends were only evidence for the 

changing p roduct ivit i e s ;  it was di fficult conceptua l ly to 

d i sentangle the e f fects o f  capital f rom t he e f fect s  of 

l abou r ,  as a rgued in the previ ous sect ion . 

4 . 5 . 1 0 Ki l owatt s pe r Person Engage d . 

The number o f  k i l owat t s  used i n  the indu s t ry in any one 

year was divided by t he numbers of persons engaged i n  t he 

i ndus t ry i n  the s ame year . The resu l t ing measure was c a l led 

" k i l owat t s  per pers on " 

The number s  o f  k i l owatts and persons engaged in the 

s awmi l l ing industry have both been r i s ing through t ime . 

Throughout t he 1 1 0  years examined, t he number o f  k i l owatts 

has been r i s ing more quickly than the number of persons 

engage d . Therefore , a vi sual examinat i on ( see figures 4 . 1 6 

and 4 . 1 7 )  o f  the number o f  k i l owat t s  per person emp loyed 

t hrough t ime reve a l ed an init ial s l ow r i se i n  the rat i o ,  

and a second phas e  o f  accelerat ing i n crement s t o  the rat i o ,  

p a rt ic u l a r l y  aft e r  1 9 4 0 . This was not unexpected, because 

f r om 1 9 4 0 ,  investmen t s  in new s awing t echnol ogies t ook o f  
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with the need t o  saw the new exot i c  t imber species coming 

" on stream" from the p l ant at ion forest s . 

K i l owatt s  per person was regres sed aga inst t ime to reveal 

t he fol l owing ordinary least squares equat i on ;  

1 8 8 0 - 1 9 9 0  Kw/Pers= 
S . E .  
t 
P 
R2 

Anova F = 
P = 
df = 

- 2 5 2  + 
( 2 4 . 1 4 ) 
( - 1 0 . 4 5 )  
( 0 . 0  ) 
. 8 4 5  R2 ( adj ) 
1 1 4 . 7 2 
0 . 0  
2 2  

0 . 1 3 4  Years 
( 0 . 0 1 2 4 3 8 )  

( 1 0 . 7 1 ) 
( 0 . 0  ) 

= . 8 3 8  

Con s i de rat ion o f  the e rrors aris ing from this  regres s ion 

showed a systemat i c  change in the i r  di s t ribut ion ,  be ing a 

" U "  shaped curve when plotted aga inst t ime . There fore , a 

natural logarithm t rans fo rmat ion of k i l owatts per employee 

was carried out and the results were regres sed against t ime 

i n  an attempt t o  increase the va lue o f  the coeffic ient o f  

det e rminat i on and t o  e l iminate the systemat ic error t e rms . 

Both aims were achieved . The coefficient o f  det ermin at i on 

r o s e  to . 92 8  and an ent i re l y  random set of error terms was 

obt ained . The regre s s i on equat ion was ;  

1 8 8 0 - 1 9 9 0  lriKw/Ps= - 4 4 . 8  + 0 . 0 2 3 9Years 
S . E .  ( 2 4 . 1 4 ) ( 0 . 0 0 1 4 5 7 ) 
t ( - 1 5 . 8 8 )  ( 1 6 . 4 2 ) 
P = ( 0 . 0  ) ( 0 . 0  ) 
R2 = . 9 2 8  R2 ( adj ) = . 9 2 4  

Anova F = 2 6 9 . 4 8 
P = 0 . 0  
df = 2 2  
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The exponent i a l  f o rm o f  thi s equat ion was ; 

I n  kW/Person = -2 . 8 6 * 1 0 1 9  e ( . 0239 years)  

T h i s  form was regarded as the best de s c r iptor for the 

t rends in k i l owatt s  per person . 

1 3 2  

An i nterpret at ion of . this  finding was that capital has been 

repl ac i ng l abour at an increas ing rate i n  the sawmi l l ing 

i ndu st ry . I t  i s  an indirect s i gn of techn o l ogical change , 

s ince the int roduct ion of any new techno l ogy does not imply 

a c ons i stent re l at ionship between the leve l s  o f  c ap i t a l  and 

l abour from one period to the next . Nevertheles s ,  it doe s  

suggest increas i ng t echnological sophist i c at i on 

( maturat i on ? ) , r i s ing l abour force s k i l l  leve l s  and r i s ing 

product ivit y . 

4 . 6 . Conclu s ion . 

Thi s  chapte r  examined the economic e f fe c t s  o f  techn o l og i cal 

c hange from a product ion funct i on po i nt of view . 

General conclu s i on s  were that the product ion o f  sawn t imber 

i n  New Zealand has been increas ing at an exponent i a l  r at e , 

t hat there has been a s low but steady i n c rease i n  the 

number o f  persons engaged i n  the i ndus t r y ,  that the number 

of k i l owat t s  in the industry has been increas ing very 

r ap i dl y ,  t hat value added,  whi l e  s omewhat e rrat i c ,  has been 
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r i s ing,  and that the level o f  value added per person have 

been r i s ing,  whi l s t  the l eve l o f  value added per k i l owatt 

has been more o r  less stat i c ,  or at least shows no 

d i s ce rnible t rend . 

I t  was conc luded that capit a l  has been substituted for 

l abour in the product i on of s awn t imber ,  e i ther because 

capital has been cheape r than l abour in New Zea l and,  or 

that the imported capital refl e ct ed relat ive l abour and 

c apital product ivity leve l s  t hat pert ain t o  the count ry of 

i t s  origin . Without the increase of capital in t he s aw 

m i l l ing indu s t ry whi ch gathered apace from the 1 9 4 0 ' s on , 

t he re wou l d  not have been t he mas s ive incre ase i n  sawn 

t imber product i on that occurred i n  the l atter ha l f  o f  this 

c entury . Moreove r ,  thi s increment in the output of s awmi lls 

was also accomp l i shed by the increasing ski l l  leve l s  of 

l abour which was nece s sary t o  p o s it ion,  use and adapt the 

c apital equ i pment in New Z e a l and condit i ons . D oubt l e s s ,  

there was much improvement t o  the capital equipment through 

t ime as New Zeal anders conducted the i r  own ongo i ng and 

incremental innovat i ons , both t o  the proce s ses i nvo lved in 

s awing t imbe r  and to the nature of the s awn t imbe r  p roduct 

i t s e l f . For example,  devi s i ng s awing patte rns for the 

exot i c  spe c i e s  that were grown in New Zealand, c o n s i dering 

the devel opment o f  t imber grading rules and st andards , 

var i ous t imbe r  t reatment t echn i ques and so on . 

I t  was e s t imated that through t ime , the e ffect s o f  
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t echn o l og i c a l  change we re such that an addit ional 2 , 4 0 2 

cub i c  met re s  o f  s awn t imbe r  were added to the nat i onal 

output every yea r ,  pue r l y  as a result o f  t e chn o l ogical 

improvement i t se l f . 

Thi s product i on funct i on approach t o  the e xaminat ion o f  the 

New Z e a l and sawrni l l ing industry provide s no evidence that 

t echn o l og i c a l  change has moved in the direct i on o f  

inc reas i ng economies o f  s c a l e . What has been found i s  that 

the rate o f  increase of s awn t imber product i on has been 

exp.onent i a l  and that the capital \ l abour mi x ha s been 

a l t e red in favour of c ap it a l . Thu s ,  the increas ing output 

of s awn t imber has been , apparent l y ,  fac i l it at e d  by 

increas ing the input s o f  the factors of product i on in l ike 

fashion . 

Whi l e t h i s  chapt er has been concerned with the product ion 

and economi c e ffects o f  technological change i n  the New 

Z e a l and s awrni l l ing indu s t ry ,  the next chapter wi l l  cons ide r  

t h e  di rection o f  the devel opment o f  the techno l ogy itse l f . 

The aim i s  t o  use the theory of technological t ra j ectories 

t o  a s c e rt a in both the di rect i on (or qua l i t y )  o f  any 

techn o l ogical change , and t o  gain s ome underst anding of its 

ve l oc i t y . 

Re ferenc e s . 

1 . Ry an , T .  A . , Joine r ,  B .  L . , and Ryan , B .  F . ,  "Minitab 
Student Handbook . "  Duxbury P re s s . 1 9 7 6 . 

2 . Note t hat throughout t h i s  work , "persons engaged"  refers t o  
a l l  per s ons engaged in t he s awing o f  t imbe r  i n  t he industry , 
inc luding working propriet o r s ,  administrat ive personne l and 
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No di s aggregated dat a were ava i l able for the years between 
1 9 4 0  to 1 95 0 ,  inclus ive . 
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CHAP TER 5 .  TECHNOLOGICAL DEVELOPMENT . 

5 . 1 .  Int roducti on . 

The p revious chapter cons ide red t he economic and phys ical 

product i on e ffects of techno l ogical change i n  the 

s awmi l l i ng industry from a p roduct ion funct i on point o f  

view . Such a view gave a n  insight into the nature o f  

techn o l ogical  change , but did not cons ide r  i t  in , and o f ,  

i t se l f . Thi s  chapter wi l l  cons ider the di rect ion and 

ve l o c it y  of t echnological change i t s e l f  within t he i ndustry 

and relate t he findings to both the not i ons of 

technological paradigms and t ra j ectories , and to the rate 

of i nnovat i on in sawmi l l ing .  

5 . 2 .  The F ramework . 

To meet one o f  the ma j o r  aims o f  thi s work,  to a scert a in 

the di rect ion ( or nature ) and ve locity o f  technological 

change i n  the New Zea l and s awmi l l ing industry , i t  was 

nece s s ary to ut i l ise var i ous product ion and output 

vari ables in t he sawmi l l ing industry within a framework 

that fac i l it ated isolat i on of thos e  ma j o r  techn o l og i c a l  

changes a n d  t he i r  di rect i on . 

The framework1 a ssumed that a process ( or product ) 

con s i sted o f  t wo sets o f  charact e r i st i cs , called technical 

character i st i c s  and service characteristics . In general , 
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the s ervi ce charact e r i s t i cs are what interest the u s e r s  of 

a proce s s  o r  p roduct , wherea s  the technical charact e ri st ics 

are of interest to the maker s  o f  a process o r  p roduct . 

Thu s , the t op speed o f  a car may be interest to the u s e r  of 

a car , but the k i l owatt rat ing i s  o f  interest to t he makers 

o f  t he car . The two charact e r i s t i c s  are rel ated ( k i l owatt 

rat ing having an effect on the t op speed) , but each i s  o f  

di ffering import ance to make rs and users . 

In this  work , the product o f  sawm i l l ing technol ogy included 

such s e rvice characte r i s t i c s  as the product ion rate o f  s awn 

boards , the value accru ing t o  sawn boards , et c . ,  a s  we l l  as 

the profit making potent ial of the techno logy . The r e fore , 

the ' product ' was cons idered to be used by the own e r s  o f  

the technol ogy to make pro f it s . O n  the othe r hand the 

techn i c a l  characteristics  of the technol ogy would aid in 

the e f f i cacy o f  the service characte r i st i cs , but woul d  not 

be of such importance to the owners . Technical 

character i s t i cs inc lude such things as the k i l owatt rat ing 

of s awmi l l s ,  the amount of l abour requi red to ope rat e the 

mi l l s ,  t he price o f  l abour and c apital , and the t yp e s  o f  

s aws i n  t he mi l ls . 

I n  gener al ,  t e chnical charact e r i s t i c s  are related t o  

s e rvice characteri s t i c s  by a patt ern o f  mapping, and this 

pattern g i ve s  the re l at ive effic i ency with whi ch e ach 

techn i c a l  character i s t i c  cont ributes t o  each service 

characte r i st i c . Moreove r ,  s ome o f  the technical 
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charact e r i s t i c s  may map t o  more than one o f  the service 

charact e r i s t i c s ,  and the servic e  characterist ics may be 

mapped onto by more than one t e chnical characterist i c . F o r  

e xample , the t ype of s aw ,  i t s  met allurgy and the powe r  

be i ng de l ivered to the cutt ing face o f  the saw, a l l  impact 

upon t he rate of sawn board product i o n ,  which i s  a service 

characteri s t i c . 

I t  i s  a rgued2 t hat the changes in techno l ogy wi l l  t ake 

p l ace in the f o rm of changes in service or techn i c a l  

character i s t i c s  leve l s ,  the i r  mapping re lat ionship , o r  by 

the appearance of new character i st i c s . 

I n  a s ense , t h i s di stinct i on between types o f  

characteri st i c s  both derives f rom, and reinforces Jo seph 

S chumpeter ' s 3 not ion about the pursuit of monopoly 

profit s . The l u re of pro f i t s  act s on ent repreneurs t o  b ring 

new o r  imp roved products and s e rvi ces t o  market s .  Moreover , 

most compe t i t i on was ( i s )  not o f  the "price " var i e t y ,  a s  

sugge sted by t he neo c l a s s i c a l  mode l of perfect 

c ompet i t i o n ,  but of the "non p r i ce " vari ety , typ i c a l l y  

found in markets with some degree o f  monopoly . The reason 

for this  was t hat the res ource s requ i red to deve l op t he s e  

n e w  products and servi ces cou l d  o n l y  corne from supernormal 

p r o f i t s  made ava i lable in market s and i ndust ries with s ome 

degree o f  monopoly . A highly compet it ive market could l ead 

t o  t he highe st e ffic iency only in a stat ic world,  with a 

c onst ant set o f  product s or s e rvices made ava i l ab l e  t o  
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cust omers at ever decreas ing cost s . F i rms maximi s ing stat i c  

e f f i c i ency prec luded the deve lopment o f  new product s ,  

whereas monopo l ies and o l igopo l i e s ,  whi le stat i c a l l y  

ine f f i ci ent , a l low for the i nt roduct ion o f  new p roduct s ,  

leading t o  greater dynami c e ff i c i ency . 4  

Thus in t h i s  work , any s awmi l l  owner would only be 

interested in the acqu i s i t i on of say extra power 

( k i lowatt s )  only i f  the service characterist i c  o f  monetary 

returns pointed to the opportunity to make extra monopoly 

profit s . Addit i onal l y ,  the resources ava i l able t o  any such 

owner to purchase the new power could only have come from 

supe rnormal profits which acc rue as a result of a 

monopo l i st i c  market st ate . 

I t  was sugge s ted in chapter three o f  this work and 

e l s ewhere5 that o ften the f i rms in an industry c onve rge 

over t ime on a dominant t echno l ogical approach , and 

directi ons f o r  technological imp rovement s t end to be very 

s imi l ar . Ne l s on and Winter6 have proposed the c oncept of 

natural t r a j e ct ories to represent these common direct ions 

for imp rovements within a t echno l ogical regime . Natural 

tra j ect6r i e s  are de fined as heuri st i cs guiding the s e arch 

for improvement s within technol og i cal regime s . 7 

D o s i B  has b rought these ideas t ogethe r i n  h i s  not i on s  o f  

t echno l og i c a l  paradigms and t echnological t ra j ector i e s . 

Techno l og i c a l  paradigms are the c ounte rpart o f  a 
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technol ogical regime in that they are "patterns o f  so lut ion 

o f  selected t echn o l ogical problems , based on selected 

principles der i ved from natural s c i ence s and on selected 

mat e r i a l  t echno logies . " 9 A technological paradigm de fines 

contextual l y  the needs that are meant t o  be ful f i l led,  

s c ient i f i c  principles ut i l i sed for the task and the 

mat e r i a l  techn o l ogy it sel f .  On the othe r hand , a 

techno l ogical t r a j ectory i s  " the a ct i vity o f  techno l og i c a l  

progres s  a long the economi c and techno l ogical t rade-offs 

de fined by the technol ogical paradigm . " lo Thus , whi l e  a 

techno l ogical paradigm reflects what i s  scient i fica l l y  

pos s ib l e ,  the actual path o f  a t e chno logical tra j ectory i s  

what happened because i t  reflect s what i s  social ly 

pos s ib l e . 

Given a l l  the po int s above , the a im o f  this sect ion 

therefore was to collect informat i on on various service and 

t e chnical a spect s of sawmi l l ing techno logy , . and then t o  

anal y s e  them t o  see i f  any technological traj ectori e s  could 

be discerned, and i f  there were any , to enqu i re a s  t o  the i r  

ve l o c ity . Thus something could be s a id about the rate o f  

innovat ion in s awmi l l ing, the mot i vat ions that lead t o  thi s 

innovat ion and then t o  say something about the future . 

Bas i ca l l y ,  t h i s  means that the not i on o f  technological 

t r a j ectories could be used to analyse t he techno logical  

deve l opment o f  the New Zealand s awmi l l ing industry . 

5 . 3 .  Method .  
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Dat a o n  s i x  variables concerning the s awmi l l i ng industry 

were c o l l ected by five year interva l s  f o r  the period from 

1 8 8 0  t o  1 9 9 0 . The dat a ,  whi ch were c o l l e cted by stat i st ical 

d i s t r i c t , were the total k i lowatt rat ings of a l l  mi l l s  in 

e ach d i s t r i ct , the total number of ful l  t ime e quivalent 

p e r s on s  engaged in convert ing l ogs to sawn boards in each 

di s t r i ct , the t otal amount of sawn t imbe r  ( in cub i c  met re s )  

produced i n  each dist rict , the total val ue o f  the s awn 

t imbe r  produced in each di strictl l , the t ot a l  amount o f  

added value accruing t o  s awrni l l ing in e ach district , the 

t ot a l  amount o f  wage s paid to people converting l ogs to 

s awn b oards t o  sawn boards in each di st rict , and the total 

numb e r  o f  s awmi l l s  i n  each di strict . By dividing the fi rst 

s i x  var i ab l e s  above by the last (mi l l s ) , a t heoretical or 

arche t yp i c a l  or average mil l  for each d i s t r i ct was obta ined 

for e ach of the five yearly interva l s . 

A d i s t inct i on was then made between the s i x  vari abl e s ,  

acco rding t o  whether they were either techn i c a l  

character i st i c s  o r  service characte r i st i c s  o f  s awrni l l ing 

t echn o l ogy . The var i able s , value of sawn t imber output , 

value added and the phy s i ca l  amount o f  s awn t imbe r  were 

catego r i sed as service characterist i c s , whi l st k i l owat t s ,  

ful l  t ime equ ivalent persons engaged and wages p a i d  were 

c on s i dered technical characteristi cs . 

The d i s t inct ion between service and techn i c a l  

charact e r i s t ics was somewhat sUb j ect i ve . I n  t h i s  work , the 
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three s e rvice character i s t i c s  were likely t o  be o f  more 

int e rest to t he users o r  owners o f  the technology . Changes 

in the techno l ogy such as increased k i l owatt rat ings , fu l l  

t ime equ ival ent persons engaged and wages paid were only 

go ing t o  be of interest t o  t he owners i f  they i mp roved the 

leve l  o f  s e rvices ava i l abl e ,  or the cost or e f f i c i ency o f  

product i o n  i n  s awing t imber . 

Each sawm i l l  " t ypo logy " could be represented a s  a p o i nt in 

s ix dimens i onal space , with each dimension being fo rmed by 

one of the variables or characterist i c s . Al l of the points 

wou ld form a c l oud within t he s ame space . I t  wou l d  be 

theoret i c a l l y  possible to t rack shifts of these points 

through t ime as sawmi l l ing technology changed, but this  

wou ld be di f ficu lt t o  achieve in pract ice s ince f i r s t l y ,  no 

s imple graphical  repre sent at i on would be pos s ib l e , and 

secondly ,  it would be di f f i cult to discern the ma j or and 

import ant shifts in the techno l ogy , given the numb e r  o f  

variab le s ,  point s  and pos s ible di rect i ons o f  movement s .  

The problem could be solved by reducing the number o f  

variab l e s  o r  dimen s i ons down t o  manageabl e  l eve l o f  one o r  

two . Such a reduct i on was achieved b y  the u s e  o f  p r i ncipal 

component s analys i s . ( P . C . A . ) 12 P . C . A .  is a dat a reduct ion 

techni que for ident i fying a small  set o f  vari ab l e s  that 

account for a l arge proport i on of the total var i ance in the 

original var i ables . 
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p . e . A .  init i a l l y  recogn i z e s  that the var iables are given i n  

di f fe r ing units o f  measurement , and there fore standardizes 

the variab le s  such that t he means o f  t he var i ables are 

z e r o ,  with t he i r  variances set equa l to one . F o l l owing 

t h i s ,  the techn ique l ocates the direct ion ( in s i x  

d imen s i ons in t h i s  inst ance ) along whi ch the variat ion o f  

the dat a i s  greate st . Thi s di rect i on and distance o f  

var i at i on becomes the f i rst principal c omponent . 

The reaft e r ,  a second princ ipal component i s  l ocated by 

f inding a di rect i on and distance whi ch is orthogonal to t he 

f i r s t , whereby t he rema ining vari at i on o f  the dat a i s  

greatest , then a third and forth princip a l  component and so 

on is  l ocated, unt i l  a l l ,  or nearly a l l ,  o f  the vari at i on 

i s  e l iminated . 

I f  the fi rst one or two principal c omponent s explain a 

s u f f i c i ent l y  l arge proport i on o f  the var i at i on o f  the dat a 

under observat i on ,  they define e ither a one or two 

dimen s i onal space as an approximat i on t o  the s i x  

dimen s i onal problem ment i oned ear l i e r . Thus , s i x  dimen s i ons 

would have been usefu l l y  reduced to one or two . 

P ro j e ct i on s  are made from the data point s to each o f  the 

p r inc ipa l c omponent s .  The sum of the s quared pro j e ct i ons 

give s  r i se t o  a measure cal led the e i genvalue . There wi l l  

b e  a s  many princ ipal component s a s  there are eigenvalue s ,  

and t he aim i s  t o  s e lect the most re levant and powe rfu l 

principal c omponent s as poss ible . The s ign i fi cance o f  the 
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e i genvalues i s  t hat the i r  sum wi l l  equal the number o f  

princ ipal component s ,  and i f  there we re t o  have been an 

equal spread of vari at ion acro s s  a l l  the init i a l  var i able s ,  

the e i genvalues would each have a value o f  one . Thi s i s  

rarely the case , and the usual bas i s  for select i on o f  

p r inc ipal component s rest s upon Kai s er ' s Criterion13 , 

which retains a l l  principal component s whose e i genvalues 

are greater t han one . Thi s  is l ogical because origina l l y  

the amount o f  informat ion cont a ined i n  each var i able i s  

one . Those pr inc ipal component s with e i genva lues l e s s  than 

one woul d  cont ain a lesser amount of informat ion than the 

o riginal var i ab l e ,  and there fore shou l d  be e l iminated . 

5 . 4 .  Re sult s . 

U s ing Min itab , 14 the s i x  var i ab l e s , va lue o f  s awn t imber 

output , value added,  vo lume o f  s awn t imbe r  output , 

k i l owat t s , ful l  t ime equivalent pers ons engaged,  and wage s 

paid,  were ana lysed for the i r  principal component s ,  for the 

t i me per i od 1 8 8 0  to 1 9 9 0 . The result s are dep i cted in t able 

5 . 1 .  

P r inc ipal PC1  PC2 P C 3  P C 4  P C 5  PC6 

Component 

E i genva lue 4 . 4 3 7  0 . 6 4 6  0 . 4 8 8  0 . 2 7 6  0 . 0 9 9  0 . 0 5 4  

P roport i on 0 . 7 4 0  0 . 1 0 8  0 . 0 8 1  0 . 0 4 6  0 . 0 1 7  0 . 0 0 9  

Cumu l at i ve 0 . 7 4 0  0 . 8 4 7  0 . 92 8  0 . 9 7 4  0 . 9 9 1  1 . 0 0 0  

Tab�e 5 . �  
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Cons i derat i on o f  t he e i genvalues showed that the s ix 

var i ables cou l d  be resolved t o ,  and de scribed by , one 

princ ipal component . Thi s principal component , whi ch i s  

l ab e l l ed " PC 1 " i n  t able 5 . 1 , has a n  e i genvalue o f  4 . 4 3 7 4 ,  

indi cat ing that e xpl a ins 7 4 %  o f  t he var i ance . 

The existence o f  one principal component points t o  the 

probabi l ity that the process of t echn o l ogical change in 

s awmi l l ing dur ing the years studi ed was unidi rect ional and 

was probably mot i vated by only one economic force . Be fore 

e xpanding on t hi s ,  it was necess ary to interpret the 

meaning o f  the p rincipal component , and then to gain some 

unde rstanding o f  the di rect i on and st rength of 

techno l ogical change . 

Tests for corre l at ions o f  each o f  t he s ix variables were 

run against t he principal component , and the three h i ghe st 

corre l at i ons were found t o  be : 

P roduct i on : 1 5  

Value : 

Wage s : 

. 9 1 8  

. 8 8 3  

. 8 8 7  

Tab l e  5 . 2 :  Correlation Coefficients 
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Given these resul t s ,  i t  appears that t e chno l ogical 

deve l opment s in s awmi l l ing have been in the di rect i on of 

greater product ion o f  s awn t imber ,  thereby real i s ing higher 

leve l s  of monetary return s ,  whi lst imp lying that more wage s 

have been paid to achieve the higher p roduct ion leve l s . 

The s e  fact o r s  point t o  a shi ft to the emp l oyment o f  

increas ing economie s o f  scale . Faster throughput of s awn 

t imbe r  imp l i e s  that l abour s aving techno l ogy steadi l y  

repl aced the more l abour intens ive forms , and given that 

l e s s  and l e s s  l abour was used with e ach unit of capital , 

then l abour p roduct ivity wi l l  have r i s en ,  leading to 

increased returns t o  l abour in the form o f  higher wages . 

G iven t hat the direct i on o f  technol ogi c a l  change empha s i z ed 

throughput and e conomies o f  scal e ,  thi s imp l i e s  that 

throughout the period studied, there was increas ing 

e f f i ciency o f  investment in cap ital . 

I n  cont radi s t inction to the argument that there were 

increas ing economie s  of s c a l e ,  there i s  p l enty of evidence 

and a rgument to sugge st that economie s  of scale are 

d i f f i cult gain in s awmi l l ing . For examp l e ,  Sutton16 argued 

that with increases in mi l l  s i z e ,  l abour cost s per unit 

volume o f  producti on fel l  and that conve r s ion efficiency17 

imp roved . However , these economies were e roded by increas ing 

c ap i t a l  and depreciat i on costs with increases in p l ant 

s i z e . Moreove r ,  the s i ze of the log catchment area 

neces sary to s e rvice the expanded product i on capacity 
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i n c reased a s  mi l l  s i z e  increased . Thus , t ransport costs  

r o s e  rapidly a s  logs were b rought in  from l ocat i on s  further 

and further away from t he mi l l  i t sel f . Howeve r ,  thi s 

a rgument presupposed that t ransport techn o l ogies we re 

s t at ic over t he period under cons iderat ion . 

I n  this work , which covered 1 1 0 years , the range and speed 

o f  l og t ransport techno log i e s  underwent radical changes . 

Around 1 8 8 0 ,  l ogs wou ld have been transpo rted us ing animal 

powe r ,  bush t ramways , s a i l i ng ships and steamers . Thus , the 

pot ent i a l  t o  expand a m i l l ' s log cat chment are a wou l d  have 

been severely l imited . Sca l e  economies achieved within a 

mi l l  i t se l f  would have been wiped out by t he t ransport cost 

and range const raint s . By 1 9 9 0  l og t ransport t echno l ogies 

were such that cat chment areas were radi c a l l y  increased by 

the almost universal emp l o yment of the internal combustion 

engine on we l l  made , high speed roads . 

F o r  the purposes of thi s work , i t  is  argued that the main 

result of the thrust of t e chno l ogical change was s uch as to 

emphas i ze throughput in sawmi l l s ,  although there were some 

secondary results from incre as ing scale economies a s  

potent i a l  l o g  catchment areas increased with changing log 

t ransport technologies . 

The var i ab le s , product i on and value , were both s e rvice 

charact e r i s t i c s . Thi s  imp l i e s  that s awmi l l  owners tended to 

be dri ven by the pursuit o f  increased profits as t hey 



1 5 2  

upgraded the i r  s awmi l l s  or bought new sawm i l l  techno l ogi es . 

The var i ab l e ,  wages , was l abe l led a technical  

characte r i st i c ,  and i t s  appearance in this  way imp l i e s  that 

i n c reas ing wages were an adjunct to t he purchase o f  

t echnol ogy that increased profit s . The result was not 

unexpected; l abour ski l l s are bound t o  inc rease as the 

l evel of capital employment rises , and the se s k i l l s  have to 

be paid for . 

The f indings po int t o  t he Schumpete r i an1B hypothe s i s  that 

o n l y  in markets with a degree of monopo l y  can techno logi cal 

change occur . S awmi l l  owners would have inve sted in 

t e chno l ogies that enhanced the i r  abi l it i e s  to make 

supernormal ( monop o l y )  profit s ,  and these profits  wou ld 

h ave provided the funds to acqu i re the techno l ogies in the 

f i r s t  inst ance . Thus , s awmi l l  owners bought technologies 

t hat emphas i zed throughput o f  t imber by way o f  enhanced 

s ca l e  economies at the s awmi l l ,  and whi ch coincident a l l y ,  

e conomi sed on the mo st expensive fact or o f  production,  

l ab our . To put it another way , wages we re r i s ing, but the 

uni t s  o f  l abour empl oyed per unit c ap i t a l  were fal l ing . 

T o  summari"s e this sect i on ,  a name was att ached t o  the 

p r in c ipal component which best des c ribed the nature of the 

t e chno logical change . It  was " increas ing throughput " .  

5 . 5 .  The Vel ocity o f  Technologi cal Change . 
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I t  was st ated e a r l i e r  i n  this work that s ome idea o f  t he 

rate o f  innovat i on in the sawmi l l in g  indu stry might be 

u s e fu l  in unde r s t anding the compet i t ive pos i t i on o f  New 

Z e a l and s awmi l l e r s . I nnovat i on i s  di fficult t o  pin down in 

i t s e l f ,  although t echnol ogical change could be used as a 

good proxy . The re fore , cons i deration o f  the ve l o c i t y  o f  

t echnol ogi cal c hange could b e  used t o  he lp understand the 

rate o f  innovat ion . 

T o  gain s ome understanding o f  the ve l o c i t y  o f  technological 

change , the yea r s  1 8 8 0  t o  1 9 9 0  were broken up int o three 

eras , as be low; 

EM 

1 . 

2 . 

3 .  

YEARS 

1 8 8 0  t o  1 9 1 5  

1 9 2 0  t o  1 95 0  

1 95 5  t o  1 9 9 0  

Then the three var i ables that were most c l o s e l y  c o rre l ated 

with the princ ipal c omponent were examined t o  ascert ain 

the i r  rate o f  change ,' with the principal component , in each 

o f  t he eras . The three vari ables were product i on ,  va lue and 

wage s , as di s cu s sed above . 

A c rude measure o f  vel oc ity was c omput ed for each o f  the 

var i ab le s , in c on j unct i on with the principal c omponent . 

Broadl y ,  the range o f  the given var i ab l e  was divided by the 

number o f  yea r s  in the era . The resu l t s  were as f o l l ows ; 



VARIABLE 

PROD 

PROD 

P ROD 

VALUE 

VALUE 

VALUE 

WAGES 

WAGE S 

WAGES 

ERA 

1 8 8 0 - 1 9 1 5  

1 92 0 - 1 9 5 0  

1 9 5 5 - 1 9 9 0  

1 8 8 0 - 1 9 1 5  

1 9 2 0 - 1 9 5 0  

1 9 5 5 - 1 9 9 0  

1 8 8 0 - 1 9 1 5  

1 9 2 0 - 1 9 5 0  

1 9 5 5 - 1 9 9 0  

VELOC I TY 

2 0 0  

1 1 3  

7 0 0  

6 9 2  

4 4 3  

1 4 2 8 6  

1 6 9 

1 2 0  

9 6 0  

F o r  each o f  the vari ab le s ,  the ve l o c ity o f  techno logi c a l  

change started at a given level i n  the f i rst era , 

' decelerated' i n  the second era , and showed tremendous 

' ac c e lerat i on '  in the l ast e ra . 
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These phenomena can be explained b y  the deve lopment o f  the 

indu st ry , a s  det a i l e d  in the appendix which contains a 

b r i e f  techno logical h i story o f  the New Zealand sawmi l l ing 

indu st ry . I n i t i a l l y ,  incremental gains accrued to 

p roduct ivity o f  s awmi l l  technology , for instance,  by the 

u s e  o f  steam rep l a c ing water powe r ,  imp roved steam engine s ,  

imp roving saw met a l l u rgy and so on . Typ i c a l l y ,  sawmi l l s  o f  

the first era were des i gned t o  handle New Zealand' s 

i ndigenous t imbers , whi ch arrived at the mi l l  s it e  as 

l a rge , cumbersome l ogs ; these had t o  be large ly manhandled 
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int o p o s i t i on ,  and were b roken down by c i rcu lar saws or 

rec i procat ing frame s aws . Within any spec i e s  ( indeed within 

any l og ) , there 
,
was a wide variety of qua l ity o f  wood that 

could be expected, s o  breaking down was a s l ow and 

r e l at i ve l y  human cont r o l l ed proce s s . Sawyers had to open 

the l og up p lank by p l ank , r o l l ing the log after each pass 

of the saw ( s )  t o  maximi s e  grade out turn . 

Dur i ng the second e ra ,  1 9 2 0  t o  1 9 5 0 ,  the Great Depre s s i on 

h i t  New Zealand and the s awmi l l ing indu s t ry . The re was a 

downturn in the demand for s awn t imber and consequent ly in 

i t s  product i on . Inve stment in new techn o l ogy st agnat ed 

a c r o s s  the economy as a who l e ,  as producers economi sed to 

s u rvive . S awmi l l ing was no e xcept i on . Howeve r ,  it was a l s o  

during this  t ime that t he need was recogn i sed of the 

nece s s ity to bui ld mi l l s  that could handle the new exot ic 

t i mber species from the plantat i on forest s .  These mi l l s  

woul d  have t o  handle l ogs o f  a sma l l e r  p iece s i z e ,  with 

mor e  even qua l ity,  meaning that they wou ld have to harnes s  

s c a l e  economies t o  max imise t imber throughput . The first 

such mi l l  was bui l t  at Waipa in Rotorua in 1 9 4 0 . 

The e xpans i on o f  t he indus t ry ' s  exot i c  s awing capacity 

o c cu r red dur ing the last era,  1 9 5 5  to 1 9 9 0 ,  and the amount 

o f  t imbe r  s awn ,  it s va lue , and the wage s paid to workers 

accelerated . Hence , the ve locity o f  thi s era is explained . 

5 . 6 . D i s cu s s i on . 



1 5 6  

D os i ' S 1 9  not ions o f  technological paradigms and the i r  

subsequent t r a j ectories were we l l  i l lustrated by this mode 

o f  ana ly s i s . A sawmi l l ing technological paradigm wa s 

e s t ab l i shed when a se rrated metal cutt ing edge was first 

u s ed t o  saw woody materi a l s . A set o f  problems that needed 

s ol ut i on t hen had the i r  gene s i s . F o r  instance , work was 

necess ary to improve the cutt ing edge , the met a l lurgy of 

the s aw i t se l f ,  the t ransport and presentat i on of l ogs and 

s awn boards in the mi l l  itse l f ,  the powe r avai l able at the 

c utt ing e dge t o  increase the cutt ing rat e ,  the throughput 

o f  wood, and s o  on . 

Given the range o f  p roblems t o  be s o lved,  a programme o f  

research woul d  t ackle some o f  them on l y ,  and usua l l y  the 

re search programme would be predi cated upon the 

requ i rements o f  the user as an e lement in the amb i ent 

econom i c  system . There fore , the actual deve lopment o f  

t echnology,  whi ch i s  called b y  D o s i  i t s  ' technological 

t r a j ecto ry ' , is in large measure dict ated by the 

requ i rement s of the economi c system . 

I n  this  instance o f  New Zeal and s awmi l l ing technology , the 

techn o l ogical t ra j ectory has been ' gu i ded' by the economic 

neces s it y  o f  produc ing high volume s o f  s awn t imbe r  whi l e  

ensuring increment a l  l abour effi c ienc i e s  by us ing 

re l at ive ly h i gh capital intensit y t echnologie s .  Thi s  is to 

say that ther e  was an economic need to husband l abour 

res our ce s ,  and thi s was done by subst itut ing l abour with 
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h i s  chapter determined that t he t echno logical t r a j ectory 

Jf s awrni l l ing in New Zea land , dur i ng the years 1 8 8 0  t o  

9 9 0 ,  cou l d  b e  described a s  one whi ch was gu ided b y  the 

eces s it y  to saw increas ing amount s o f  t imbe r ,  and the reby 

r a i s e  the t hroughput of s awn t imbe r  in any given s awmi l l . 

S c a l e  economie s  accrued t o  t he s awing of wood i t se l f ,  and 

there was a s ubst ituti on of l abour for capit a l ,  but many of 

the s c a l e  e conomies gained wou l d  have been wiped out by 

increas i ng t r ansport costs as the mi l l s '  l og catchment 

areas widened . 

The findings a l s o  a l l owed for the concept o f  the 

S chumpet e r i an ' technologi c a l  push'  type of techn o l ogical 

change . The e x i stence o f  varying leve l s  of monop o l y  in the 

s awn t imbe r  markets fac i l i t ated the devel opment 

t echnol og i c a l  change in the industry . 

The rate o f  t echnol ogical change accelerated a ft e r  about 

1 9 5 0 ,  and s o  it is argued , did the rate of innovat i on in 

the s awrn i l l i ng indust ry . 

The n e xt chapte r  wi l l  provide an overview and general 

d i s cu s s i o n  of t his work , a s  wel l  a s  giving s ome 

cons i de rat ion t o  the imp l i c a t i ons of the techn o l ogical  
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t ra j ectory fol l owed by the New Zea l and s awmi l l ing i ndustry 

t o  date . I n  a sens e ,  the world is now entering a new 

p roduct i on and t rading paradigm whi ch c a l l s  for more 

di rected and careful niche market i ng of product s ,  and this 

impl i e s  that t he re wi l l  be a nece s s ity for shorter 

product i on run s ,  and pe rhaps less out r i ght grading s awing 

t o  stock . Thu s ,  s awyers wi l l  have t o  cut to orders , with 

frequent product i on run changes and sma l ler lot s i z e s . 

Clearl y ,  which ever way sawyers view the i r  future , a far 

more con s cious e ffort at planning and adopt ing st rategies 

is cal led for . 
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CHAPTER 6 .  CONCLUD ING D I SCUSSION . 

6 . 1 .  Int roduction . 

The ana l y s i s  o f  s i x  characteri s t i c s  of s awmi l l ing 

techno logy within a princ ipal c omponent s framework showed 

that s awmi l l ing' s techno l ogical t ra j ectory was in the 

di rect ion o f  increas ing throughput of t imber . S ince thi s 

impl i e s  t hat increas ing vo lume s logs we re converted to sawn 

boards , it i s  held in thi s work that the industry , over the 

1 1 0  years studied,  he ld a product i on focus as opposed to a 

p roduct ivity focus in i t s  selection and deve l opment o f  

t echn o l og i e s . 

A number o f  reasons cou l d  be advanced for this phenomenon , 

and t he fol lowing wi l l  be di s cussed in thi s chapt e r ;  the 

absence o f  scale economi e s  in sawm i l l ing te chno l og ie s ,  the 

nature o f  the New Zealand economy throughout the period 

studi e d ,  and lastly,  the fact that sawmi l l ing t echno logies , 

being mos t l y  imported, reflected product ion condit ions 

ove rseas and not in New Zeal and . 

6 . 2 . S c a l e  Economies in Sawmi 1 1 ing. 

In the p revi ous chapte r  it was a rgued that there was a 

ten dency for scale economies gained in the actua l  s awing o f  

t i mber t o  be negated b y  t h e  imp l ied incre a s ing s i z e  o f  the 

l o g  c at chment necessary for the higher leve l s  of sawn 
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t imbe r  product i on . This pecul i arity of s awmi l l ing was put 

int o  perspect ive by the argument that given the 1 1 0  years 

studied, many of the transport problems confront ing 

s awmi l lers with large log catchment s ,  were part ly overcome 

by the use o f  t he internal combustion engine on h i gh speed 

roads , in pl ace of anima l powe r transport , bus h  t ramways 

and the steam engine . 

Howeve r ,  a s  a general conc lus ion , the s awmi l l ing 

diseconomie s o f  scale probably did have a role in direct ing 

sawmi l lers down the technological traj ectory o f  

" throughput " ,  s i nce they wou l d  have been confronted with 

the t ransport techno logies of the ir t ime , and could not 

wa it forr let a lone predi ct , improvement s  in this area . 

6 . 3 .  New Z e a l and Economic Condition s . 

F rom t he f i r s t  year of thi s  study , 1 8 8 0 ,  through unt i l  

about 1 9 2 0 ,  the sawmi l l ing industry had re l at ive l y  easy 

acce s s  t o  New Zealand' s standing timbe r ,  paying l ow 

stumpage s and operat ing within a system o f  loose 

c ont r ol s . 1  T imbe r  cutt ing l i cences were is sued by the 

gove rnment at l ow cost , and s awmi l lers were in a p o s it i on 

t o  cut for var i ous markets ( overseas and dome st i c ) wit hout 

paying t o o  much heed to their costs . It i s  argued here t hat 

the nett e ffect of this was to place an emphas i s  on the 

throughput of s awn t imbe r  for t he hungry Aus t ral a s i an 

market s ,  a s  opposed to an industry pol i cy o f  husbanding the 
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res ource and cutt ing for maximum profit . O f  cour s e ,  this  

statement wou l d  have t o  be modi f ied when t he e ffect s of  

e c onomic rec e s s i on were cons idered, but even then , the 

response of mos t  sawmi l lers was t o  cut back on p roduct i on ,  

and not be ove r l y  concerned with the i r  cost structure s ,  

s ince the se we re minimal anyway . 

Afte r  1 9 2 0 ,  the State Forest Servi ce was formed,  and there 

was concern that the standing timbe r resource was be ing 

squandered . 2 Accordingly,  a set o f  cont rol s was put in 

p l ace to ensu re that the forests could ut i l i sed in s ome 

s ort of sust a i ned yield pattern . The c ont rols  we re 

imp lemented by a series of pol i c ies which,  i n t er a l i a ,  

result ed in the payment o f  highe r stumpage s by s awmi l lers 

and meant a completely new and t ighte r  met hod o f  a s s e s s in g  

t imbe r quant i t i e s  f o r  stumpage c harge s . Moreove r ,  i n  later 

years , part i cu l ar l y  during the second world war ,  p r i ce 

c ont rol was int roduced for the s al e  o f  sawn t imber . 3  

The effe ct o f  these cont r o l s  was to shelter the indu s t ry 

from the vagaries of inte rnat ional t imber price movement s ,  

although surp r i s ingl y ,  the Dominion Sawmi l lers ' Federat ion 

took except i on t o  them from the very beginning . 4 It h�s 

been arguedS that price cont rols on sawn t imbe r  and the 

be l ow market s upply price of logs she l tered t he industry 

f rom market forces , and t he prog re s s i ve removal of t he s e  

cont r o l s  s in c e  1 9 8 4  h a s  changed t he face o f ,  and t h e  

cha l l enges presented t o ,  t h e  industry . Given t he she l t e re d  



nature o f  the industry , the product i on ( as opposed t o  

product ivity o r  pro fit ) emphas i s  ment i oned above , was 

rein forced through to a round 1 9 8 4 . 
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To summarise , t here has been a product i on or throughput 

emphas i s  in the New Zealand s awmi l l in g  industry for most o f  

t he years of i t s  existence . Init i a l ly this was because 

s awyers had access to a resource for which they were not 

paying an economic rent , and for which there was a 

c on s i stent ly st rong demand . Then , thi s emphasis  was 

rein forced by gove rnment po l i c ie s  which effect ive ly 

she l t e red the industry from compet i t i o n ,  and which 

empha s i z ed product ion without much cons iderat ion for t he 

costs  invo lved . 

6 . 4 .  Imported Sawmi l l ing Technol ogi e s . 

I n  genera l ,  the sawmi l l ing techn o l ogies which we re ( and 

are ) used in New Zealand were made in c ount ries with 

different economic circumstances preva i l ing , and the 

t e chnol ogy ref l ected these c i rcumstances . Thus , the 

inherent cap i t a l  to l abour rat i o s  within the techno logies 

wou l d  have ref lected the relat ive fac t o r  prices in the 

c ount ries o f  o r igin . Accordingly , t he thrust o f  the 

techno logy t owards increas ing throughput o f  t imber ,  could 

a rguably have ari sen a s  a result o f  a need to achi eve 

increas ing throughput in the ori gi nat ing count ries . 

D oubt l e s s ,  t he technology was mode rated by users t o  reflect 



1 6 4  

some o f  the economic circumst ances preva i l ing in New 

Zealand . Furthermore , the economi c circumst ances c onfronted 

by New Zealand u sers of sawmi l l ing technol ogy woul d  

probably b e  s im i l ar t o  those o f  any western capi t a l ist 

country t hroughout most of t he years studied . Thi s i s  to 

s ay that the t echno l ogy was probably not inappropriat e  for 

New Zealand conditi ons . 

6 . 5 .  Future Te chnologi cal Traje cto ries . 

Much o f  the d i s cuss i on o f  economies of scale for various 

industries comes down to opt imal p l ant s i z e ,  with the 

opt imum s i z e being set by the l owe st po int ( s )  on the 

industrys ' " U " s haped cost curve . This mode of analys i s  i s  

probably inapp ropri ate in s awmi l l ing . The actual cost o f  

s awing doe s n o t  appear t o  b e  dependent upon mi l l  s i z e 6 ,  s o  

i t  might b e  more fruitfu l  to examine s awmi l l s  in terms o f  

the i r  product s and the spe c i f i c  market niche s they cut for . 

Thus , techno logical t ra j ectories would be seen as be ing 

more dependent upon the i r  s o c i a l  mi l ieu , and woul d  

certainly b e  more diverse than the one found i n  this work . 

It  suggested here that the world i s  entering upon a new 

product i on and t rading paradigm ,  from which any number o f  

pos s ible t ra j e ct ories might f l ow . There are a number o f  

reasons for t hi s . 

F i rst l y ,  there has been a globa l i s ation o f  manu facturing7 , 

in whi ch the l oc ation o f  any manufacturing operat i on i s  not 
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abs o lutely its  s ource o f  r aw o r  semi proce ssed material s  

a s  i n  the past . Manu facturing l ocat ion h a s  been dete rmined 

by a wide r  set of cons iderat i on s  in recent t imes . Thu s ,  

l abour force ski l l s and product ivity , po l it i ca l  stab i l it y , 

exchange rates and othe r broad economic phenomena ,  c api t a l  

c o st s ,  a s  we l l  a s  infrastructural con s i de r at i ons are 

becoming more import ant . a  

S e c ondl y ,  a firm ' s ( o r  an industry ' s )  c ompetit ive advantage 

is det ermined, in part , on how we l l  its p roducts con form t o  

t he requ i rement s o f  o ften quite spe c i f i c  and sma l l  market s .  

Qua l ity standards have become more t ight l y  de fined than 

previou s l y ,  and there i s  l e s s  o f  a r equi rement t o  

manufacture to s a y ,  i ndustry spec ificat i ons , but to 

spe c i fic custome r requ i rement s .  

T h i rdl y ,  manu facturing technology i s  evo l ving to meet the 

requi rement s of the new world manufacturing and t rading 

o rder . 9 The revolution of s i l i con chip t e chnol ogy has 

meant that c oordinat ion and c ont rol of manufacturing 

processes has t i ghtened and i s  more l i k e l y  to be real t ime . 

Thus , manufacturing can be done to spec i fi c  and sma l l  

o rders and set u p  cost s have been reduced . F o r  example , 

f l exible manufacturing syst ems ( FMS ) can p roduce families 

of  part s ,  and are capable o f  p roducing d i f ferent part s 

s imultaneous l y  and in random orde r . Moreove r ,  the numbe r o f  

d i f fe rent des i gns a f i rm c an handle i s  e s s ent i a l l y  infinite 

s ince t he F . M . S .  wi l l  automat i c a l ly adjust to sma l l  
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vari at i ons in des ign . 1o 

S o  f a r  a s  s awmi l l ing t echno l ogies are c oncerned, the past 

2 0  to 30 years have probably seen more advances in t imbe r  

manu facturing techno l ogy than in a l l  hi story . l l  F o r  

example , methods have been deve loped f o r  measuring vo lume 

and s o rt ing and process ing sma l l  l ogs at high speed, 

chipper headrigs make chips and s awn t imbe r simultaneous l y ,  

t h e  best opening face method o f  l og breakdown has been 

innovat ed, scanners and computers have been used t o  

imp l ement the best opening face method, and a l l  the se 

t rends have para l l e led by comput erised process control  in 

manu facturing in general . The way appears to be open for 

the introduct ion of flexible manu factu r ing systems ( FMS ) 

into s awmi l l ing . 

F lexible manufacturing systems woul d  permit the pursu it o f  

s everal product i on st rategie s  simultaneou s l y  within t he one 

s awmi l l . FMS means that qu ite narrow qua l it y  st andards 

c o u l d  be as sured in the sawing of any one orde r ,  and that 

many and varied orders could be accept ed and cut by any 

mi l l  for a wide range of customers . . FMS reduces reto o l ing 

and set up t ime s dramat ical l y ,  and so the unit of ope rat ion 

within any s awmi l l  c ould be the custome r ,  rather t han the 

number and t ype of logs de l ivered to the mi l l  by t he forest 

owne r . Moreove r ,  anything cut within any s awmi l l  could be 

done t o  f i l l  an orde r ,  and nothing e l s e . Thus , there would 

be a l a rge reduction in the s i ze o f  t i mber storage space 
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current l y  needed by mi l l s ,  and an imp l ied economy o f  scale 

accru ing as t he capit a l  cost s of invent ory and l and wou ld 

be reduced . 

Al l this  evidence points to the probab i l ity that s awmi l l ing 

i s  ent e ring upon a new techno logi cal p aradigm, a s  is  

i l lust rated by the discuss ion be l ow . 

McLachlan12 has suggested that several s awmi l l ing 

technological opt i ons are ava i l ab l e  to producers of s awn 

t imbe r .  Each opt ion impl ies a di fferent st rategy . Broadl y ,  

the opt i ons are ; 

The European opt ion with high product ion and 

c onvers i on through log sort ing . 

The North Amer ican Opt i on with high product i on and 

convers i on through scanning and c omputer cont ro l . 

The Japanese opt i on with high sur face quality and 

convers i on through s l ow feed speeds and ve ry accurate 

s i z ing . 

Even t hough there are two high vo lume opt ions ava i l ab l e  i n  

thi s s chema , t h e  methods of achi eving the high volumes are 

di ffe rent , and the mi l l  st rategies wou l d  be di fferent . The 

European opt i on imp l i e s  that the inve stment in the st rategy 

is l argel y  confined to the careful purchase o f  l ogs of a 
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un i fo rm s i z e  and qual ity from the growe r ,  and in the 

care ful eva luat i on of the l ogs at the mi l l  s ite prior t o  

cutt ing . Against thi s ,  the North Amer ican opt ion means t hat 

most o f  the investment in the mi l ler ' s st rategy is in the 

purchase o f  c apital equipment that ensures a rapid 

throughput of l ogs of a wide r qua l ity than in the European 

case . The Japanese opt ion means t hat t here i s  an emphas i s  

on the qual ity o f  the sawn board out turn ,  and l e s s  c oncern 

for gaining high cutt ing rates . P resumably the cust ome r 

wou l d  be wi l l ing t o  pay a premium for the higher qua l it y  

uni form fin i sh . 

Mclachlan ' s 1 3  t r i chot omy i s  p robably t o o  s imp le a 

de script i on o f  the variety a s awmi l l ing technologies and 

st rategie s  that are feas ible . For example ,  Wi l l i st on14 has 

sugge sted a spect rum o f  t echno l ogical t ra j ectories when 

l ooking at mi l l  configurations and equipment . Amongst many 

t ype s , he a rgued that there were " Stud"  or framing mi l l s , 

sma l l  random l ength dimens i on mi l l s ,  l arge common and grade 

mi l l s ,  various sub types o f  large common l og mi l l s and 

l a rge grade - l og mi l l s . Thus the a rgument that there are 

probably onl y  one or two . strategies c annot be sust ained . 

Moreove r ,  g iven the advances accru ing t o  comput ing 

technology , aut omat ion , scanning equ ipment and so on , more 

than one st rategy might be ava i l able to any one mi l l . 

6 . 6 .  Summary . 
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The New Zealand forest products industry i s  probab ly the 

pre eminent indu stry in the count ry . It is est imated that 

by 2 0 1 0  it wi l l  be the number one fore i gn exchange earne r ,  

ahead o f  the t radi t i onal primary industries that have 

previ ous ly occup ied thi s pos it ion . Despite this bright 

out l o o k ,  forest product s a l s o  pres ent s ome reasons for 

di squ iet . Thi s is because the opportuni t y  to add value to 

the raw wood re s ource by New Zeal and based proce s s ors i s  

dependent upon how innovat ive the se producers are . 

I nnovat ion mus t  occur throughout the ent ire indust ry ,  in 

proce s s e s  and product s ,  in organi sational structures and 

marketing as much as in " hard" techno l ogies . 

Given that forest product s are general ly traded a s  

c ommodi t ie s  i n  i nternat i onal market s ,  it i s  import ant that 

a compet it ive advant age be sei zed by New Zealand wood 

processors to ensure the vi ab i l i t y  of the industry as a 

known qua l it y  producer,  and not s imply as a grower and 

occas i onal processor o f  wood . Innovat i on is the st rategy t o  

bring thi s s it u at i on about . 

Within the forest p roducts indust ry as a whole , s awmi l l i ng 

occup ies a p i votal pos i t ion ,  because i t  provide s a c r i t i c a l  

l ink between fo rest growing and the reconst ituted board 

industrie s ,  as we l l  as providing s ome of the furni sh for 

the pulp and paper indust ries . Al l thi s in addit i on t o  

p roduc ing s awn boards . 
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The success o r  otherwi se o f  any given i ndu stry o r  economy 

has been convent i on a l l y  measured by its  r ate economi c 

growt h . The ma j or cont ributing fact ors t owards growth have 

gene ra l l y  been recogn i zed as capita l  accumu l at i on , growth 

in popu l at i on and techno l ogical progres s  or technological 

change . Whi l st the f i rst two a re impo rtant to economic 

growt h ,  t he last indi spen sab l e  to e conom i c  devel opment , 

s ince it ensures the alterat ion of capi t a l  and l abour 

rat i o s , e ff i c iencies in production ,  the provi s i on o f  

appropr i at e  ( or de s i red) goods and services to consumers , 

and a ris ing qua l ity and quantity o f  l i fe . Yet , in economic 

theory , the role of t echnological change is least 

underst ood . 

T radit i onal l y ,  techno logical change was t reated as 

exogenous t o  economic systems , implying that it was a 

charact e r i s t i c  o f  the external envi ronment o f  economi c 

systems . I t  was not , for instance , cons idered that bringing 

new work met hods of new hard technologies into a production 

and market ing system was an economic act . Yet such act i ons 

wou l d  have been economi c a l l y  mot ivated . That is to say that 

such things were done in the expectat i o n  of material gain . 

Joseph Schumpete r ,  i n  seeking to i dent i fy an endogenou s  

exp l anat i on for the r o l e  of innovat ion ( and the refore 

techn o l ogical change ) , used the rol e  of profits as a 

st a rt ing po int . Profits were seen t o  act as a lure to 

entrepreneur s  t o  innovat e , whi l st t he r e s ources t o  innovate 
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a c c rue t o  ent repreneurs as a re sult o f  succe s s fu l  
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innovat ion a re con s ide red in economic theory as being 

s upernormal or monopo l y  profits . Thus , for Schumpete r ,  it 

was in marke t s that are characteri sed by s ome degree o f  

monopo l y  that innovat i on occurred . A highly compe t i t ive 

market could l ead t o  the highest e f f i c iency only in a 

stat i c  wor l d ,  with a const ant set of products or services 

made ava i l ab l e  at ever decreasing costs . F i rms maximi s ing 

stat i c  e f fi c i ency preclude the deve lopment of new product s ,  

whereas ol igop o l i e s  and monopo l i e s , whi le being stat i c a l l y  

ine f f i c ient , a l l ow f o r  the introduct i on o f  new p roduct s ,  

s e rvices and proce s ses , leading t o  greater dynami c  e f f i c i ency . 

S chumpet e r ' s s chema maintain s  the imp l i c i t  assumpt i on t hat 

t echnol ogies a re ava i l able " off the she l f "  for 

entrepreneur s  to p i ck up and innovate into an economi c 

s ystem . Consequent l y ,  the view has been l abe l led the 

" techn o logy push"  hypothe s i s , and its ma j o r  shortc oming is 

that i t  doesn ' t  take t he role of demand int o account . 

Jacob S chmo o k l e r  corrected this fault with e l abo rat ion o f  

the demand pul l  hypothe s i s . Broadly ,  demand was s e e n  a s  a 

st imulus to i nvestment whi ch lead to t he innovat i on o f  new 

goods , servi c e s  and proce s s e s  in an e conomic system . 

S chmookler d i d  not argue that demand forces were the only 

dete rminant s of inventive and innovat ive act ivity ,  but was 

c oncerned to c orrect the opposite imbalance according t o  
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could c reate innovat i ons and new economi c act ivit i e s . 
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Revi ews o f  studies o f  the relat ionships between market 

s t ructure , f i rm s i z e  and innovat ion indi cates st rong 

industry effect s and that the t e chno l ogical opportunity at 

industry leve l may be a ma j o r  influence on the rate o f  

innovat ion and technological change . 

Given the exi st ence o f  techno l ogical opportunities  , there 

i s  the pos s ib i l ity that technology at any given t ime could 

be b oth de s cribed as having a set o f  pot ent i a l it ie s ,  and 

yet s imultaneous l y  evolving al ong a given pathway , 

dete rmined large l y ,  by what i s  soci a l l y  possibl e . 

Gi ovann i D o s i  has cons idered these ideas and has s u gge sted 

the not ion o f  a technological paradigm as being a "pat t e rn 

o f  s o lut ion o f  selected techno l ogical problems , based on 

selected principles derived from natural sciences and on 

se lected mate r i a l  technologies . "  For Dos i ,  a techno l ogical 

paradigm de fines contextually the needs that are meant t o  

be ful f i l l ed,  the sc ient i fi c  principles ut i l i sed for the 

t a sk , and the mater ial technology i t s e l f . In a sense , the 

paradigm he lps define the set o f  po s s ible pathways t hat may 

be f o l l owed ,  and it i s  through the interact i on of s o c i a l  

forces that t he actual pathway i s  determined . 

D o s i  has c a l l e d  the pathway a techn o l ogy fo l l ows i t s  
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t e chn o l ogical t ra j ectory and has de fined i t  a s  " . . .  the 

act ivity of t echnol ogical progres s  along the economic and 

t ec hn o l ogical t radeoffs defined by the t echnolog i c a l  

paradigm . " Thu s , it i s  pos s ib l e  to dec i de n o t  o n l y  h o w  a 

t echnology deve l ops , but a l s o  to underst and why i t  takes a 

given deve l opmental l ine . Throughout , t he social and 

ec onomi c forces are the determinant s of techno logi c a l  

deve l opment , and the re for innovat ion can b e  seen a s  be ing 

endogenou s to an economic system . 

The New Zealand sawmi l l ing industry has obvi ou s l y  de s c r ibed 

a part i cu l ar t e chno logi cal t r a j ect o ry s ince its incept i on 

with t he arrival of Europeans t o  New Zeal and in the l ate 

e ighteenth century . Some unde rst anding o f  this t ra j ect ory 

is necessary to gaining an apprec i at ion of what the future 

might ho l d  for t he techno logi c a l  status of s awmi l l ing into 

the t wenty f i r s t  century . 

The indu s t ry was analysed us ing an economet r i c  framework , 

by five year interva l s  from 1 8 8 0  t o  1 9 9 0 . The broad 

findings o f  t h i s analysis  we re that the product i on o f  s awn 

t imber in New Z ealand has been inc reas ing at an e xp onent ial 

mann e r ,  t hat there has been a s l ow but steady increase in 

the number of persons engaged i n  t he industry , t hat t he 

number o f  k i l owatts in the industry has been increa s ing 

ve ry rapidl y ,  that value added t o  t imb e r ,  whi l e  being 

s omewhat errat i c ,  has been r i s ing , and t hat t he l eve l of 

val u e  added per person ha s been r i s ing , whi l s t  t he level of 
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value added per kil owatt has been more or l e s s  s t at i c ,  or 

at l east shows no discernable t rend . It  was concluded that 

c ap i t al has been substituted for l abour in the product ion 

o f  s awn t i mber ,  either becau s e  capital has been cheape r 

than l abour i n  New Zealand, o r  that imported cap i t a l  

reflected re l at ive labour and capital product ivity l eve ls 

that pert a i n  t o  the country o f  i t s  origin . 

Wi thout the increase of capital in the sawmi l l i ng industry 

whi ch gathe red apace from the 1 9 4 0 s on , there woul d  not 

have been the mass ive increase in sawn t imbe r  product i on 

that occurred i n  the l atter half o f  this century . Moreover,  

this  increment in the output o f  s awmi l l s  was al s o  

accompl i shed by the increas i ng s k i l l  leve l s  of l abour which 

wa s neces sary t o  pos ition,  u s e  and adapt the cap i t a l  

equ ipment i n  New Zealand condit i ons . Doubt l e s s ,  there was 

much improvement to the cap i t a l  equipment through t ime as 

New Z e a l and s awyers conducted the i r  own ongoing and 

increment a l  i nnovat ions , both to the processes invo lved in 

sawing t imbe r ,  and to the n ature o f  the s awn t i mber product 

i t s e l f .  

I t  was e s t imated that through t ime ,  the e ffect s o f  

techno l o g i c a l  change were s uch that an addit ional 2 , 4 0 2 

cub i c  metres o f  sawn t imber were added to the nat ional  

output eve ry year,  pure l y  a s  a result o f  technological  

change i t s e l f .  



The economet r i c  analys i s  did not show any evidence t o  

sugge st t hat economies o f  s c a l e  were devel oped o r  

harne s sed . The re i s  plenty o f  evidence t o  sugge s t  that 

scale economi e s  are di f f i cult to achieve in s aw mi l l ing . 
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I t  has been argued that with increases i n  mi l l  s i z e ,  l abour 

c o s t s  per unit vo lume of product ion fal l and that 

convers i on efficiency improve s . Howeve r ,  t hese gains are 

eroded by increas ing capital  and deprec i at i on c o s t s  with 

increas e s  in p l ant s i z e . Moreove r ,  the s i z e  of t he l og 

cat chment area required to service any expanded product ion 

capac ity increases as m i l l  s i z e  increases . Thus t ransport 

costs r i s e  rapidly with the increas ing l og catchment s i z es . 

The econome t r i c  framework provided the opportun i t y  t o  

con s i der the phys ical and economic effects o f  changing 

techno l ogy in s awmi l l in g ,  but did not o ffer the opportunity 

o f  con s i dering the technology and technological change on 

and of i t se l f . Consequent l y ,  the deve lopment of New Zealand 

s awmi l l ing techno logy was cons idered us ing a principal 

component s framework . 

Thi s  ana lytical  framework rel ied on the not ion t hat 

sawmi l l ing t echnol ogies have a set of output s whi ch can 

cons idered for any var i at i on inherent in them , and that 

these var i a t i ons might present some pat terning which could 

reve a l  a reduced number o f  variables whi ch account for a 

large proport i on o f  the total variance i n  the original 
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var i ab l e s . 

The ana l y s i s  revealed that s i x  technological output 

vari abl e s  in New Zealand s awm i l l ing could be re s o lved t o ,  

and de s c ribed by,  one var i ab l e . " The existence o f  one 

var i ab l e  po inted to the p robab i l ity that the process  o f  

techno l ogical change during t h e  years studied was 

unidi rect i onal and was probab l y  mot ivat ed by one economic 

force . Thu s ,  the techno l og i c a l  tra j ectory of New Zealand 

s awmi l l ing could be de scribed as one whi ch was gui ded by 

the nece s s it y  t o  saw incre as ing amount s of t imbe r ,  and 

thereby r a i s ing the throughput of t imber in any g i ven 

s awmi l l . There was no case to be made for the exi stence of 

s c a l e  economi e s . The tra j e ct o ry was there fore l abe l led as 

" throughput " .  

The f i ndings a l s o  al l owed for the concept o f  the 

S chumpeterian " technological push " type of t echn o l ogical 

change . The existence o f  varying degree s o f  monop o l y  in the 

s awn t imber markets fac i l itated the deve l opment o f  

techno l og i c a l  change in the i ndust ry . 

Last l y ,  i t  was found that the rate o f  techn ol ogi c a l  change 

acc e l e rated aft e r  about 1 9 5 0 , and so it was argued,  did the 

rate o f  i nnovat i on in sawmi l l ing . 

S o  much for the t echnolog i c a l  history o f  New Zealand 

s awmi l l ing . The future might wel l  be somewhat di f ferent 
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from t he past . The world i s  now entering a new product i on 

and t rading paradigm which ca l l s  for more di rected and 

careful ni che market ing of product s ,  and t h i s  imp l ies that 

t he re wi l l  be a neces s ity for shorter product i on runs , and 

perhaps l e s s  outright grade sawing to s t o ck . Thus , sawye rs 

wi l l  h ave to cut to orders , with frequent product i on run 

change s and smaller lot s i zes . Clearly , whi chever way 

s awyers view their future , a far more conscious e f fort at 

p l anni ng and adopt ing st rategies i s  cal l e d  for . 

I n  t he end , successfu l  innovat ion i s  about pers i st ent and 

d i rected human adapt ab i l it y . 
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APPEND IX . SAWMILLING DEVELOPMENT . 

A . 1 .  Introduction . 

The a im o f  this  appendi x i s  t o  examine i n  summary form, the 

h i story o f  the deve l opment o f  sawmi l l ing i n  New Zealand . 

Spec i fi c a l l y ,  i t  wi l l  cons ide r  the deve l opment o f  sawing 

techno l ogies from the earl iest t ime s ,  through to pit sawing 

in New Zealand, then var i ous forms o f  powe red sawmi l l ing 

( water and steam) , t he deve l opment of the int egrated, 

s o ftwood s awmi l l  and ,  fina l l y ,  a look at s ome of the l at e st 

and eme rgent t echno logies  ava i l able to the s awmi l ler . 

A . 2 .  Sawmi l l  Techno l ogy .  

Trees grow in more or less cyl indrical form, whereas human 

be ings prefer t o  use wood in squared or rect angular form ,  

and s o  vari ous means have been found t o  a l t e r  the shape o f  

a round t ree t o  fit into a square use . P r imit ive cultures 

have typica l l y  used f i re and adz ing to change the shape of 

t re e s  for human use , but probably the mos t  e ffic ient and 

conveni ent t echnology was ,  and i s ,  the u s e  o f  the s aw .  

The s aw i s  the heart o f  s awmi l l  techno l ogy and it invo l ve s  

t h e  u s e  o f  a relati ve l y  f i n e l y  serrated met a l l i c  edge t o  

cut l ogs t o  shapes and d imen� i ons suitab l e  f o r  a variety of 

human u s e s . The serrated edge is brought into contact with 

the l og ( or semi proces sed p l anks ) in e ither a 

reciprocat ing motion,  o r  pas s ed cont inuous l y  through the 
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cut t ing z one by way o f  a spinning c i rcu l a r  met a l  bl ade or 

a revol ving or rotat ing metal band . 

The rate o f  product i on o f  sawn t imber c an be increased by 

the app l i cat i on of increas ingly more inten s i ve s ources o f  

powe r  which drive t h e  s errated edge through the wood, while 

( u su a l ly s imu ltaneous l y )  us ing non human o r  non animal 

powe red means to aut omat e the processes which move the log 

t owards and through the sawing proce s s e s  and which remove , 

grade , pre serve , dry and stack the sawn t imber . 

The u s e  o f  serrated edge s to cut woody p l ant materials  

probably dat e s  from the Neol ithic age ( New S t one Age ) , 

around 1 0 , 0 0 0  B . C .  t o  6 , 0 0 0  B . C . l Thi s  deve l opment 

coincided with the advent of agriculture . During the bronze 

age ( c i rca 3 , 5 0 0  B . C .  t o  8 0 0  B . C . ) ,  met a l  working deve l oped 

in t he near east , and it was during thi s era that primit ive 

s aws were probably f i rst fashioned . 2 However ,  it seems 

l i k e l y  that it was not unt i l  the i ron age , from 8 0 0  B . C .  

onwards , that effi c i ent wood saws made from i ron were 

made . 3  F rom this  po int , technologies invo lving metal 

hardening and sharpening evolved which contributed t o  the 

e f f i c iency and durab i l it y  of t imber sawing i mp lement s ,  and 

t h i s  improvement continues to the present day . 

A . 3 .  Sawmi l l  Technol ogi e s  in New Zealand . 

P r i o r  t o  the arrival o f  Europeans in New Z e a l and, there 
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we re no t imbe r  sawing t e chnologies . The Maori used stone 

adz e s  t o  shape wood from t ree t runks , and h o l l owed out t ree 

t runks for canoes by a comb inat ion of adz ing and f i re . 

The f i rst t ime a ferrous s aw bit into a New Zealand t ree 

t runk woul d  have been in the second hal f  o f  the e i ghteenth 

century , and the t ree would probab ly have been used as a 

ship ' s spar . Capt ain Cook observed in 1 7 6 9  that New Zeal and 

t ree s , with a bit of preparat ion,  " . . .  wou ld then be such 

mas t s  as no count ry in Europe can produce .  "4 In a 

re l at ive l y  short t ime a vigorous t rade in spars from New 

Z e a l and wa s underway , although this i s  o f  no direct 

r e levance t o  this account , s ince sawmi l l ing was not 

i nvolved in spar manufacture . 

Howeve r ,  New South Wa l e s  based t imbe r  merchant s and 

e nt repreneurs , who were the ma j or fact o r s  in the spar 

t rade , a l s o  st art ed dea l ing in sawn New Z e a l and t imbers . 

Thi s was primarily because Aust ralia was ( and i s )  endowed 

w i t h  l imited merchantable forests and had t o  rely on 

i mports for much o f  i t s  s awn t imber requ i rements . By the 

1 82 0 s and 1 8 3 0 s ,  New Zealand shore based t imber t rading 

incorporat ed both spar operat i ons as we l l  a s  s awn t imbe r 

operat i ons . 

A . 3 . 1 .  p i t s awing. 

In the early days , the conversion of t re e  t runks into s awn 
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b o a rds was acc ompl i shed by the use o f  pit s awing 

t e c hnique s . P it sawing involved the use o f  manual l abour 

s a wing through logs by one o f  two bas i c  t echnique s . Logs 

we re supported on beams placed acro s s  a l a rge pit in whi ch 

a s awyer s t ood . Anothe r sawyer st ood above and over the 

l o g ,  and working as a team with a l ong p i t  saw, both 

workers broke the l og into planks o f  s awn t imbe r  by work ing 

the saw in a reciprocat ing or undulat ing mot ion . An 

a lt e rnat ive method, probab ly used j u s t  a s  frequent ly as the 

f i rst , invol ved placing the l ogs to be s awn on a rai sed 

p l at form ( made of l ogs ) instead o f  us ing a pit . Obvi ous l y ,  

the work was phys i c a l l y  demanding , part i cularly for the 

s awyer operat ing beneath . 

P ro duct ion f i gures for thi s s awing t e chni que are hard t o  

c orne b y  and very anecdotal , but some i ndi cat i on o f  the s awn 

t imber output c an be gained by cons i dering the evi dence 

that fol l ows immedi at e l y  below . 

" P it s awing smaller s i zes of t imber was done re l at ive ly 

qu i c kl y , but it was a l engthy proce s s  t o  break down a l a rge 

l og . To p i t s aw in ha l f  a 1 . 5 met re d i amet e r  by 9 met re l og 

was near l y  a day ' s work [ for two men ] . ,, 5  

" Good pit s awyers cou l d  saw 1 0 0 0  super feet ( s awn board 

measure [ herein after s . b . m ] ) 6  per day . A l arge Kauri could 

contain 6 , 5 6 1  super feet . " ? 
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P re sumab l y ,  the second quote refers t o  t he breaking down of 

an ent ire Kauri t ree into various grade s and dimen s i on s  of 

s awn t imber . Thu s ,  on average , it wou ld t ake around six and 

a h a l f  days t o  completely saw a l arge Kauri tree into 

constituent boards , and o f  thi s ,  nearly one whole day j ust 

to s aw it in hal f ,  l engthways .  ( according to the first 

quo t e )  . 

A . 3 . 2 .  Water P owered Sawmi l l s . 

The use of water has a lway s  been important in the timbe r 

get t ing and s awing industries ; as a means o f  transpo rt i ng 

l og s  t o  mi l l s  and a s  a source o f  powe r in the sawing 

pro c e s s  i t se l f ,  harne s sed e ither by way o f  water whe e l s  or 

s t e am engine s . Thi s  sect i on dea l s  with water whee ls . 

I t  i s  probab l e  that the fi rst sawmi l l  in New Zealand was a 

wat er wheel powered mi l l  bui l t  at Mercury Bay by Mr . G . D .  

Browne and Captain R .  Dacre , which began operat ion in 

e i t her 1 8 3 7  o r  1 8 3 8 . 8 Over the years , many water wheel 

t ype m i l l s  we re used , and some were st i l l  in operat i on as 

l at e  a s  the 1 9 4 0 s  and 1 95 0 s . The i r  bas ic mode o f  ope rat i on 

was that the mot ive power offered by the spinning wat er 

whe e l  was converted into a rec iprocat i ng mot ion by the use 

of a c onnecting rod running off a crank shaft . A saw could 

t hu s  be moved up and down through a log,  provided the s aw 

was instal led into a frame running o f f  the connect ing rod . 

T yp i ca l l y ,  the cutt ing stroke was l imited t o  the down 
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s t roke o f  t he saw, and the up and down mot i on of the s aw 

f rame was a l s o  used t o  move the l og c a rr i age forward into 

the saw by means of a s ystem o f  levers and a rat chet . ( See 

f i gure A . 1 )  

F igure A . l Water Powered Sa"-lllill 

There were variat i ons on the bas ic t heme o f  harne s s i ng 

wat er power by this part icular means , and the fol l owing 

det a i l s  o f  the last watermi l l  ever t o  operate in New 

Z e a l and, given by T . E .  S impson9 give s  s ome idea of t he s e  
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var i at ions . 

Bas i c a l l y ,  the system was init i a l ly bu i l t  in 1 8 7 2 ,  and was 

a 2 4  foot di ameter ove r s hot whee l  with 4 8  inch by 1 4  inch 

bucket s . Speed for the bucket s was obt ained through a 1 2  

inGh diameter crown wheel fixed to the water whee l  and a 1 5  

i n c h  p in i on and pu l l ey s . I n  1 9 0 9 ,  the ove rshot was changed 

to a 7 inch diameter pe l ton wheel drive . A pelton wheel i s  

turned b y  water under pres sure directed through a n o z z l e  at 

the cups on the bottom of the wheel and , according to t he 

pre s sure ava i l able , may be driven at terr i fi c  speeds . The 

p r e s sure for thi s mi l l  was obt ained from a 30 foot fall  

with a 5 inch no z z le at the bottom o f  a 30  inch diamet e r  

p ipe . Thi s  part i cu l ar m i l l  was moved t o  another s it e  whe re 

a 2 2 0  foot head o f  wate r  was avai lab l e  whi ch increased t o  

ope rat ing powe r  ava i l ab l e  t o  s aw wood . At this t ime it was 

produc ing s omething in the order of 5 0 0 0  super feet of 

t imber per day ( s . b . m . ) . 1 0  

A . 3 . 3 . Steam P owered S awmi l l s . 

P robably the first steam p owered sawmi l l  operat ed in New 

Z e a l and was set up by the New Zealand Manukau and Waitemata 

Company , whose main aim it was to sett l e  an area of l ands 

adj a cent to the Manukau Harbour . ll  The mi l l  probabl y  began 

operat ions in the second hal f  of 1 8 4 2  and was powe red by a 

h i gh pressure steam Corn ish Beam engine , with frame and 

c i rcular s aws , and was cons idered mode rn for i t s  t ime . 
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The operat i on o f  a steam engine , in broad terms , i s  fairly 

s imple , and so doe sn ' t  require over e l aborat i on here . 

Howeve r ,  steam from a heated bo i ler i s  pas sed into a 

c y l i nder under pre s sure and a piston i s  forced by this 

p r e s sure out and along the cyl inder . The p i ston i s  att ached 

t o  a fly whe e l  which converts the rec iprocat ing mot i on into 

a c i rcular mot ion,  s o  t hat on the " down st oke " the pi ston 

is forced back up the cyl inde r against the head o f  st eam . 

At t he t op o f  the strok e , the steam pre s sure exert s itself  

agai n  and the p i ston i s  once again forced outwards . 

Meanwhi l e ,  the c i rcular mot ion obt ained by the fly wheel 

c an be used to drive a wide variety o f  machinery , inc luding 

sawm i l l s . 

E a r l y  on in the deve l opment of steam powered s awmi l l s , 

frame s aws were typ i c a l l y  used, although c i rcular s aws we re 

coming increas ingly i nt o  the i r  own . 

A typical examp l e  o f  a s team powered saw mi l l  i s  found in 

the p l ant ope rated by the Whangare i Timber Company in 

1 9 1 7 . 12 The steam engine deve loped 14 horse power from a 

1 0 0  horse powe r  boi le r . The engine powered the ent i re mi l l ,  

and a s  such i t  powe red t he headri g ,  which was a vert ical 

breakdown frame saw, a t rave l l ing bench saw,  a c i rcular 

bre a s t  band s aw ,  2 dea l  frame s aws , a goose saw,  two 

winches and c re eper be l t s  used for saw dust dispos a l . 

A . 3 . 4 . Timber Saw Technologi e s . 
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As has been ment i oned i n  the secti on on pitsawing , a p i t saw 

was ( i s )  bas i c a l l y  a thin piece of stee l about 1 . 5 to 2 

met res l ong and, on ave rage , about 1 5  c ent imet res to 2 0  

cent imetres wide , with appropri ate handl e s  at each end . 

Howeve r ,  s ome discu s s i on needs to be g i ven over to the 

t ype , uses and sho rt comings o f  the var i ous types of s aws 

used in powered sawmi l l s . 

The ear l i e st s awmi l l s  used only one or two c i rcular s aws , 

usua l l y  in con j unct i on with pitsawing t o  init i a l l y  break 

down the log with a lengthways transverse cut . 1 3 Within a 

re l at ive l y  short space of t ime however ,  l arge frame s aws 

arrived and were used as the init i a l  s l ab maker,  or p r imary 

breakdown saw,  or vert i cal breakdown saw in many mi l l s . The 

B lue Books14  record s awmi l l ing machinery , a steam engine 

and boi le r  and a frame and c i rcul a r  s aws cost ing $ 4 0 0 ( 2 0 0  

pounds sterl ing)  a s  arriving i n  Auc k l an d  from Great Britain 

i n  May 1 8 4 2 . 

S impson15 a rgue s  that the fi rst band s aw used in New 

Zealand was at Weraroa , Levi n ,  in 1 8 8 7 . From notes made by 

an o f f i c i a l  of the Liberal Party at the t ime , it appea r s  

that the s aw had a very narrow ker f  and could cut a s  t h i n  

a s  1 9  gauge . Moreove r ,  the s ame s a w  c o u l d  cut t e n  t o  

f i fteen t imes a s  much as that o f  the hor i z ont al , o r  s ingle 

b l ade frame saw and compared with the rack c i rcular saw,  

could turn out c on s i de rabl y  more work , wasted onl y  a 

qua rter ·o f  t he wood and requ ired c on s i de rably l e s s  powe r . 
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These s ame not es go on to point to the importance o f  

invent i on ( and ult imat e l y ,  innovat ion)  i n  the pro cess  o f  

e c onomic deve l opment . I t  i s  worth quot ing di rect l y  from the 

notes . 

" . . .  So  r ap id has been the progre ss o f  invention 

recent l y  with this des cr ipt ion o f  saw, that a new 

patent s aw sharpening machine has been spec i a l l y 

brought out to work in conjunct i on with band s aws . 

This machine can sharpen the teeth aut omat i c a l l y  at 

the rate of 1 0 0  teeth pe r minute . . . ,, 1 6 

The use o f  band saws , as against the use of c i rcu l a r  s aws 

and frame s aws is important from the point of view o f  

e ff i c i ency in t imbe r  us age . Having narrow kerfs , 

fac i l i t at ing e ase o f  handl ing o f  l ogs and powe red l og 

carri age s in the mi l l  etc,  meant that l e s s  wood was wasted 

a s  sawdust , o ffcut s ,  odd s i ze s  and so on . The importance of 

having the most suitable saws for the di fferent stages of 

convers i on o f  the sawl ogs cannot over stressed,  but in the 

intere s t s  o f  t imber conservat i on and o f  operat ional 

economi c s  i t  is equa l l y  import ant that the best s awing 

techni ques be appl ied in the i r  use , e spec i a l l y  in the 

break ing down s tage . 

A . 4 .  Exot i c  Timber Sawmi l li nq. 

So far a s  can be ascertained, the f i rst inst ance o f  



s awmi l l i ng P i nus radiata ( hereinafter ,  radiat a )  was in 

C ante rbury i n  1 8 7 3 . 17 However ,  at that t ime it was only 

s omething of a novelty . 

1 8 9  

As the extent of suitable indigenous forest dimi n i shed, it 

became appa rent that hand p l anted forests wou l d  have to be 

e st ab l i shed a s  a repl acement for the indigenous t imbers . 

T h i s  was don e ,  with booms in plant ing occurring dur ing the 

depre s s i on years and before , and the ma j o r  spe c i e s  p l anted 

was rad i at a . 

As the exot i c  so ftwood fore sts matured, they became 

ava i l ab l e  f o r  harve st and ut i l i s at ion . The l og s  produced by 

t he s e  forest s presented a d i f fe rent set of probl ems to s aw 

mi l l e r s  than the indigenous spec ies . Genera l l y , radiata 

logs tend to smal ler ( in terms o f  vo lume , l ength and 

di amete r ) , of lowe r degrees o f  t aper , and of much more even 

qua l ity than their indigenous counterpart s .  Moreove r ,  they 

were genera l ly less valuab l e ,  and so demanded more 

e f fi c ient and quick handl ing and process ing than had 

h it hert o been the case in indi genous sawmi l l s . 

G i ven t he inc reased uni formnes s  in the qua l ity o f  radiata 

logs , t he s o l ut ion to the handl ing requ i rement s immediately 

presented i t s e l f  in the ide a  o f  mechani s at i on o f  s awm i l l  

handl ing methods . 

Although the 1 9 4 0 s  were to stand out as the era o f  
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mechan i sat i o n ,  it could be said that mechan i s at i on had been 

going on f o r  s ome t ime . For example,  the bui l di ng of the 

f i r s t  s awmi l l  in 1 8 3 8  represent s a huge step forward in 

t e rms of mechanisat ion . Other instances of mechani s at i on 

can be seen i n  the use of st raddle trucks and power driven 

( l i ve )  r o l l e r s  in 1 9 2 5 , j ib crane loaders in 1 9 3 7 , and the 

use o f  front end and forkl i ft t rucks in 1 9 4 0 . 18 What was t o  

di ffer in t h e  bu i l ding o f  a sawmi l l  to handle exot i c  logs 

was that a huge amount of aut omat ion and mechan i s at i on 

arrived on the scene i n  one hit , and thi s may have been a 

paradigm s h i ft in the thinking o f  sawmi l lers and s awmi l l  

engineers i n  New Zealand . 

Concurrent with this integrated mechani s at i on was the 

search for alternat ive power sources . Electricity c ame 

increas i ng l y  t o  be used . I t  was cheaper and c l eaner than 

ste am ,  and could be taken right into the s awmi l l ing 

ope rat i on by the use of e lectric motors rathe r  than by a 

s e r i e s  o f  shaft s ,  pul leys and wheel s  as was the case with 

steam . 

I n  addi t i on t o  the above i s sues , indigenous sawmi l l s  tended 

to present p i ne timber badly , 19  and it was c l ea r  that the i r  

be i ng deve l oped for the large , medium dens it y  l ogs from the 

indigenous forest s ,  meant t hey were i l l  suited for t he 

sma l l ,  l ow dens ity l ogs from the plantat ions . To int roduce 

e f f i c i ent methods , p l an s  were made to set up s t at e  owned 

forest i ndu s t ries , compris ing sawmi l l s ,  box fact o ri e s , 
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p l aning mi l l s  and wood preservat i on plant s . These plant s 

were t o  act as demonstrat i o n ,  cont rol and s alvage units for 

the exot i c  and indigenou s forests . The methods and 

phi l os oph i e s  were worked out and demonst rated by the 

open ing o f  the State M i l l  at waipa in 1 9 4 0 . The p rivate 

sector got the mes s age and qui ckly fo l l owed suit . 

Broadl y ,  the Waipa plant compri sed of two Swedish log 

frame s  and edgers ( de s igned for small s o ftwood l ogs ) box 

factory , seas oning ki lns and non pres sure pl ant for 

preservat ion t reatment . Mechan ical handl i ng equ ipment for 

moving t imber through success ive proce s s e s  was a feature of 

the mi l l  and it included st raddle trucks , l i ve r o l lers , 

forkl i ft s ,  gantries , aut omat i c  log inhaul chains , 

mechani c a l  log kickers and turners , fast log carriage s , 

multiple t r im saws and edgers , reversible line rol lers and 

t rans fers , four way s ort e r s  and so on . In effect , this 

mechani c a l  revolut i on was less to do with the app l i cat ion 

of raw power to the primary breakdown saw,  a s  steam had 

been , and more to do with us ing ava i lable energy in wood 

movement through the m i l l . Within two years , Waipa was 

en larged and its output doubled . 

Up t i l l  t h i s  t ime , there was e i ther no o r  l it t l e  

mechan i s at i on of t imbe r  handl i ng in mi l l s . Logs , f l itche s ,  

semi p ro c e s s ed planks and final product were moved by 

mus c l e  power us ing hand c ranked timber j acks , cant hooks , 

and r o l l e r s . 



1 92 

Othe r integrated mechani sed mi l l s  were bu i l t  a s  t he exot ic 

l ogs c arne on stream,  and nowadays ,  the o ld fashi oned, s tearn 

powe red,  twin c i rcular breakdown saw i s  a rarit y ,  i f  not a 

museum p i e c e . 

A . 4 . 1 .  The Mode rn Sawmil l .  

The modern s awmi l l  is  charact eri sed by a number o f  features 

that dist ingu i sh it from o lder mi l l s  which were 

p redominan t l y  de signed with the indigenous l og r e s ource in 

mind . 

F o r  one t h ing,  the energy s ource i s  l i kely t o  be 

e lect r i c i t y ,  as opposed to wat e r  or steam of the earl ier 

m i l l s . Al s o ,  there is a higher degree o f  automat i on ,  whi ch 

i s  increas ingly being coup l ed with compute r i sed s ens ing and 

c ont r o l  equ ipment . These change s a l low for h ighe r vo lume 

throughput s o f  material , coup l ed with the abi l it y  t o  s aw to 

prec i se and exact ing speci f i cat i ons . 

According t o  T i l lman20 , the state o f  the art s awmi l l  i s  

best viewed a s  a mult iproduct p l ant . I t s  ob j ect ive i s  not 

to maximi s e  t imber product i o n ,  but to max imi s e  c a sh f l ow 

generat i on , through the s a l e  o f  s awn t imber ,  pul p  chips , 

part i c le b oard furnish,  fue l and specialty p roduct s  ( e . g .  

l andscaping and gardening bark , s awdust for catt l e  feed , 

chicken l it t e r ,  etc . ) . 
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Thi s  c oncept o f  a s awmi l l  a s  a multiproduct cashflow 

generato r  i s  important for two reasons . First , i t  has 

provided the bas is for the establishment of int e grated 

s awmi l l  - pulpmi l l  complexes ( such as the Tasman ope rat i on 

at Kawerau)  and second , it has provided support for many 

innovat i ons , for instance , part icle board and thermo -

mechan i c a l  pu lping . 

Typi c a l l y ,  ope rat ions in a modern sawmi l l  c an be be st shown 

as a mat e r i a l  flows scheme in the fo l l owing diagram ( fi gure 

A .  2 )  • 

A . 4 . 2 .  Unit Operations of the Modern Sawmil l .  

The exot i c  l og sawmi l l  include s the fo l l owing un it 

ope rat i on s  or machine cent re s : ( 1 )  debarking,  ( 2 )  log 

me rchandis ing , ( 3 )  primary breakdown [ the headri g ] ,  ( 4 )  

board edging, ( 5 )  board t r imming , ( 6 )  product drying , ( 7 )  

product p l aning, ( 8 )  pulp chip product ion,  and ( 9 ) fuel 

product i on [ hogging ] . Although mi l l  cont rol s  are not an 

ope rat i o n  per . se . , they are a nece ss ary con s i de rat i on 

within t he individual c omponent context . The unit 

ope rat i ons where ma j or advances have occurred in the past 

1 0 - 1 5  years include : ( 1 )  l og scanning and merchandi s ing , 

( 2 )  the headri g ,  ( 3 )  edging, ( 4 )  drying , ( 5 )  p l an ing , and 

( 6 )  s y st em c ontrol s .  

A . 4 . 2 . 1 .  Innovations in Machine Centre Ope rati on s . 
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I nnovat i ons in individual machine cent res have been 

p roposed cont inuou s ly based upon the high p r i o r i t y  for 

improving sawmi l l  yield,  and the fact that each individual 

cut i n  t he log or cant dec reases the degrees o f  freedom for 

a l l  subsequent cut s . 2 1  

Headri g  i nnovat i ons centre a round the fol lowing 

breakthroughs : ( 1 )  the shaping head l athe headrig [ a l t hough 

t h i s  t echnol ogy has been used more in con j unct i on with the 



1 9 5  

s awing o f  hardwood spe c i e s  and i s  not o f  part ic u l ar 

import ance in New Zea l and ] , ( 2 )  s l i c ing headrigs , whi ch are 

a u s e  of the veneer s l ic ing technology to headrig 

operat i ons for the purpose o f  increas ing y i e lds , ( 3 )  water 

j et and l aser headr igs , where in wate r  j et and carbon 

di oxide laser cutting are based upon t e chno l ogy t rans fe r  

form other industries t o  the t imbe r  proce s s ing industry . 

The technol ogies reduce the kerf width substant i a l l y  and 

i n c rease yie lds in the s awing proce s s ,  although the cutt ing 

rat e s  so far attained by contemporary machinery is l ow . 

K i l n  drying technologies had a ma j o r  boost dur i ng 1 9 7 2  -

1 9 8 0  dur ing the o i l  c ri s i s ,  as attempt s were made t o  u s e  

thi s dry ing fue l more effic ient l y . Moreove r ,  there have 

been advances in the use of a lternat i ve energie s  for 

dry ing , and the pos s ib i l it i e s  o f  so lar drying units have 

been advanced22 • Al s o ,  the concept o f  micro wave drying 

has been around s ince the 1 9 3 0 s ,  although it seems best 

s u i t ed for spec ial purpose s i tuat i ons . 23 

Advances in contr o l  and informat i on s y stems we re l arge l y  an 

outgrowth of the c omputer hardware and s o ftware 

revo lut i ons , and f o l lowed the devel opment of nume r i c a l  

c ont r o l s  in the machine t o o l  indust ry . I nnovat i ons in t h i s  

area include : 

( 1 )  3 -dimens i ona l CT s canning o f  logs at the 

merchandi s ing and headrig cent re s i n  o rder to minimi se 
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y i e l d  l o s ses due t o  knots and defect ; 

( 2 ) microproce ssor c ont rol of a l l  machine cent res ,  

inc l uding the dry k i l n ;  

( 3 )  computer connect ion o f  a l l  mi croproc e s s ors in 

o rder to communicate process prob lems to a l l  machi nes 

upst ream and down st ream o f  the po int of d i fficulty . 

A . S .  Summary .  

Thi s appendix reviewed ma j o r  technological deve l opment s in 

s awmi l l ing and cons idered, in a cursory fash i o n ,  some o f  

t he product ivity e ffec t s  o f  advanc ing techn o l ogical change . 
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