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FINANCIAL SURVIVAL IN AN ERA OF 
TECHNOLOGICAL CHANGE 

C. Edward Harshbarger 

I would l i k e  t o  set  the stage f o r  t h i s  
paper by quot ing from the surmnary of a 
March 1986 repor t  by the O f f i c e  o f  
Technology Assessment t i t l e d  mTechnology. 
Publ ic Pol icy,  and the Changing St ruc ture  
o f  American Agr icul ture. '  

The s m r v  o f  the  reoor t  concluded 
tha t :   he- b ~ o ~ e c h n o l o g i c a l  and informat ion 
technology revo lu t i on  i n  a g r i c u l t u r a l  
production has the  po ten t la l  f o r ~ c r e a t i n g  a 
larger,  safer. less  expensive, m r e  stable,  
and more n u t r i t i o u s  food supply. Yet, i t  
w l l l  exact substant ia l  costs i n  po ten t la l  
adjustment problems i n  the a g r i c u l t u r a l  
sector and i n  r u r a l  coimnunltles: 

The purpose of t h i s  paper i s  t o  br idge 
the gap between the biotechnological  and 
in format ion technoloav revo lu t ions and the 
economic wor ld o f  -tanners and lenders. 
Understanding t h i s  l inkage i s  the  key t o  
f i nanc ia l  s u r v l v a l  i n  an era - o f  
technological  change. I n  so doing. I w l l l  
r a i s e  some l a r g e r  p o l i c y  questions; 
questions t h a t  w i l l  be answered e i t h e r  by 
ac t i on  o r  by i nac t ion  as these changes 
develop. 

Technology Horizon: What's Ahead? 

The neu technologies have a heavy 
emphasis on blotechnology and information; 
On the blotechnological  side. OTA concludes 
t h a t  breakthroughs i n  animal technoloay. 
such as gene i n s e r t i o n  and embryo t ransfer ,  
w i l l  l i k e l y  emerge a t  a f a s t e r  pace than i n  
p l a n t  technology. The i n f o m t i o n  s ide i s  
r i p e  f o r  exp lora t ion and development, n o t  
on ly  f o r  automation, b u t  f o r  monitor ing 
p l a n t  growth and performance o f  i nd i v idua l  
animals. economic olannina. f i n a n c i a l  
managemint, and a host of -business and 
operat ional  functions. 

I n  many cases, the advances i n  
ag r i cu l tu re  are  spin-of fs from appl ied 
research i n  o ther  f i e l d s .  Pr iva te  fim 
are look ing f o r  ways t o  c a p i t a l i z e  on vhat  
they o r  others have learned i n  such areas 
as medical research and remote sensing. 
much o f  what you have heard and read about 
I s  w e l l  underuay and. I n  animal 
blotechnology, f o r  example i s  i n  the 
t e s t i n g  stages. 

The app l i ca t i on  of blotechnology i n  
p lan t  a g r i c u l t u r e  could s i g n i f i c a n t l y  

modify crops. making them more n u t r i t i o u s .  
r e s i s t a n t  to .  i n s e c t i  and disease and less  
dependent on chemical f e r t i l i z e r s .  These 
types of advances are apparently n o t  as 
Iimninent as those f o r  animal agr icu l ture .  
but  over the longer term the impacts of 
biotechnology may be subs tan t ia l l y  greater  
f o r  p l a n t  agr icu l ture ,  espec ia l ly  on a 
worldwide basis. 

Technological change has of ten been 
character ized as e i t h e r  output enhancing o r  
cost  lowering. Unl ike  the p r i o r  mechanical 
(1920-1950) and chemical (1950-1980) eras, 
the emerging blotechnology and informat ion 
technology era has a greater  emphasis on 
lowering inou t  reaulrements o r  otherwise 
c o n t r l b i t i n g '  t o  ' improved operat ing 
margins. I n  periods o f  low c ~ n n o d i t y  
pr ices and t i g h t  operat ing margins, the 
a b i l i t y  o f  a neu technology t o  lower a 
producer's average cost  o f  product ion i s  
the  u l t ima te  determinant o f  how wide ly  and 
r a p i d l y  it w i l l  be adopted. 

The new technological  era d i f f e r s  from 
the previous ones i n  several important 
ways. Much o f  the cur rent  a c t i v i t y  i s  i n  
the  hands o f  p r i v a t e  f i rms  ra the r  than the  
pub l i c  sector v i a  the Land Want  
Un lve rs l t l es  and the U.S. Departmnt of 
Agr icul ture.  

Thus, the  cost  and bene f i t s  w l l l  be 
shared d i f f e r e n t l y  than i n  the past. The 
new technologies are  l i k e l y  t o  be more' 
neut ra l  w l t h  respect t o  fann s i ze  than were 
the p r i o r  types. Many o f  the  new 
developments are l ess  o f  a problem by being 
consistent w l t h  a producer's cu r ren t  p lan t  
and equipment, 1.e.. n o t  q u i c k l y  outdat ing 
much of  the  f i r m ' s  c a p i t a l  items. 

The evidence suggests t h a t  e x i s t i n g  
technology i n  ag r i cu l tu re  w l l l  a l l o v  U.S. 
fanners t o  e a s i l y  s a t i s f y  domestic demand 
and con t r i bu te  s i g n l f l c a n t l y  t o  wor ld 
demand over the next 20 years. The n w  
technology. i n  t h i s  sense. I s  not  necessary 
f o r  survlval . .  However, the new technology 
w i l l  enhance U.S. e f f o r t s  t o  remain 
competit ive i n  wor ld markets. Clearly. 
from a pure ly  physical  viewpoint, t he  
United States w l l l  have the technology t o  
s a t i s f y  a l l  of t he  po ten t ia l  demand f o r  
fann products we can forsee f o r  the r e s t  of 
t h i s  century. 



Effect  on Agriculture and Rural Connunities 

It i s  clear tha t  American farmers w l l l  
be offered a large technological menu over 
the next 15 years. 

Plant and animal production could be 
revolut ionired i f  the neu technology i s  
widely adopted. Hawever. changes of  t h l s  
magnitude generally cannot be absorbed 
without fostering major economic 
adjustments -- and frequently these extend 
wel l  beyond the productlon sector. To put 
t h l s  issue i n  better perspective. It i s  
necessary t o  make s o n  c r i t i c a l  assumptions 
about the future. 

1. The demand fo r  food w l l l  continue t o  be 
pr ice inelast ic. with domestic growth 
i n  demand approximately para l le l  t o  
populatlon growth. o r  about 0.7 percent 
per year. 

2. The growth i n  foreign demand w l l l  
recover from i t s  5 year slide. It w i l l  
be dependent on both per capita income 
growth and ~ o ~ u l a t i o n  arowth i n  
developing countries, but-  only on 
populatlon growth i n  developed 
countries. 

3. Total market growth f o r  U.S. farmers 
w i l l  average 2 t o  2.5 percent per year 
assuming we can maintain market share 
both a t  home and abroad. An increase 
I n  m r k e t  share w u l d  improve the 
growth prospects. but the odds fo r  a 
large gain are not favorable. 

l o s t  of the evidence suggests tha t  
current technology i s  capable of sustaining 
prospective demand growth f o r  the next 1 5  
years. Thus, the t i g h t  balance between 
addina t o  the surolus s i tuat ion and uorklna 
i t  doiin l i k e l y  w i l l  be maintained. O r  t i  
put it di f ferent ly .  the difference between 
strong and weak economic conditions for 
farmers and t h e i r  lenders w i l l  be 
re la t ive ly  small, whlch w l l l  increase the 
r i sk  factor fo r  a l l  parties. 

Harover, when one factors i n  the 
developing technologies, our picture of the 
future becomes even m r e  clouded. Many of 
these technologies, especially those 
Involving biotechnology, w l l l  tend t o  
Increase output and, consequently, depress 
prices. I f  h is tory i s  any teacher, these 
technologies are usually highly prof i table 
f o r  those who adopt them early. so we can 
assuns they w l l l  be adopted. But the 
inpact of widespread adoption tends t o  
s h i f t  the supply curve t o  the r ight.  
depress prices, and erode the i n i t i a l  wide 
p r o f i t  margins of the early adopters. 
Everyone has the incentive t o  eventually 
adopt the technology t o  survive but 
anticipated p ro f i t s  are an i l lus ion .  This 
forces signif icant resource adjustments; It 
also ult imately improves the f w d  bargain 
fo r  consunnrs. 

Again. If history i s  any teacher, It 
fol lous that  new attent ion w l l l  be turned 
t o  the exoort market as the wav t o  avoid 
making sobe of the painful aijustments. 
However. ue need t o  recognize that  many of  
the emirging technologies have a worldirlde 
dimension. Other countries are making good 
progress i n  achieving bet ter  production 
technology, and even where they lag  behind 
the United States. we f i nd  that  the 
technology i s  highly transferable. We 
should note that  durlno the 1965-85 era. 
t h e  technological ' revolution has 
transfonncd several countries frwn 
Importers of grains and food products i n t o  
net exporters. Clearly, e f fo r ts  by s o n  
countries t o  a t ta in  sel f  suff ic iency i n  
food productlon are not so fa r  fetched as 
they once were. 

Some structural changes are already 
evident: farming i s  becaning more 
centralized. m r e  ve r t i ca l l y  integrated. 
Large farms, though small i n  number. n w  
produce most of t h i s  country's agr icul tura l  
output. Although small operators are 
generally inef f ic ient ,  they have strong 
staying power because of off-farm sources 
of incoxe. The moderate size fanners. 
however, are becoming less able t o  compete. 
oar t l v  because they lack access t o  the 
i n f o r k t i o n  and f ln inc ing needed t o  adopt 
new technology effectively. Many of these 
fanners face- the prospect of changing t o  
other kinds of fanning or abandoning 
farming altogether. 

These adjustments are causing m j o r  
repercussions i n  many rura l  c o m n l t l e s  and 
f o r  the labor pool i n  general, which l u s t  
absorb a l l  those whose l ive l ihood depended 
on agriculture. 

Most of the evidence suggests tha t  
these trends w i l l  continue. If technology 
ef fect ive ly reduces costs and enhances 
output. economic forces l i k e l y  w l l l  dr ive 
agriculture toward greater concentration; 
that  is ,  toward fever but larger f a m .  
This suggests tha t  many rura l  ccmnunities 
w i l l  struggle f o r  survival. We may see the 
emergence of ru ra l  service centers, located 
mostly i n  county seats and larger t w n s  
of fer ing employment opportunities. The 
development of electronic hardware and 
software packages w i l l  accelerate t h l s  
sh l f t ,  f o r  wlth a home canputer the 
operator w l l l  be able t o  make important 
marketing and f inancial decisions wlth 
firms a l l  across the country. The 
convenience of dealing wi th local  merchants 
could beccuie less important, which could 
cause many smaller towns t o  lose t h e i r  
economic v lab l l l t y .  This i s  not a new 
process i n  rura l  Anerlca; towns have been 
dying ever since the a u t m b i l e  replaced 
the horse as the primary mans of  
transportation. 

Although I am convinced that  Inany of  
the long-term trends i n  agriculture w i l l  



contlnue. I have serious questions about 
the  magnitude of the  changes. E a r l i e r  i n  
t h i s  paper, I indicated t h a t  some o f  ' t he  
new technology.' espec ia l ly  i n  the 
in format ion area, may be s i ze  neut ra l .  I n  
add i t ion,  the biotechnologies may cause 
operators, as a group, t o  reduce resources 
ra the r  than expand output. Given the  
cu r ren t  l e v e l  o f  f i nanc ia l  s t ress i n  
agr icu l ture ,  together w l  t h  the  
less-than-optimistic economic prospects f o r  
the  future, the  f i nanc ia l  r i s k s  associated 
w i t h  a g r i c u l t u r a l  production could increase 
subs tan t ia l l y  and might slow t h e  t rend 
toward l a r g e r  farms. A l ternat ive ly ,  I 
expect farm s i ze  t o  contlnue growing on 
average, b u t  w i t h  fewer of t he  assets 
con t ro l l ed  by the  farmer w e d  by the 
fanner. This i s  a p o l i c y  area t h a t  
deserves f u r t h e r  considerat ion and analysis.  

F inanc ia l  I l p l i c a t l o n s  and 
Cred i t  A v a i l a b i l i t y  

Let us now nove toward the  f i n a n c i a l  
area o f  t h i s  paper by  look ing a t  c a p i t a l  
requirements and the re la ted  issue o f  
c r e d i t  a v a i l a b i l i t y .  The farm of the 
fu ture  w i l l  be t rea ted  l i k e  any o the r  
business -- it w i l l  have t o  denmnstrate 
p r o f i t a b i l i t y  t o  receive f inancing. 

Technology w i l l  be a key f a c t o r  i n  
fu ture  p r o f i t a b i l i t y ,  and t h a t  technology 
w i l l  have t o  pass the t e s t  of economic 
f e a s i b i l i t y .  

Over the  years, much o f  the technology 
has tended t o  be c a p l t a l  intensive.  leading 
t o  a massive substitution o f  c a p i t a l  f o r  
labor, l a r g e r  farms, and eventua l ly  t o  
Serious adjustment problems. For t h e  most 
Part ,  the a d o ~ t i o n  o f  technoloav was -- 
p ro f i t ab le ,  espec ia l l y  f o r  t h e  ea r l y  
adopters. It lowered product ion costs so 
lenders were happy t o  f inance c a p l t a l  
purchases. The i r  r i s k  was t h a t  the 
technology would f a i l  t o  generate enough 
income t o  service the debt. 

The 1980s d m n s t r a t e d  how serlous 
c r e d i t  problems can a r i s e  through the 
f inancing of technology. Increases i n  
p r o d u c t i v i t y  and land pr ices dur ing the  
1970s resu l ted i n  a sharp expansion of debt 
t h a t  l a t e r  brought on the  stress of the  
1980s. Of course. I n f l a t i o n  and the  
erroneous expectation t h a t  world food 
supplies would remain t i g h t  were major 
cont r ibutors  t o  the debt growth problem. 

I n  my judgment, t he  pending wave o f  
technology w l l l  not  have the  same f inancing 
Impl ica t ions as the o l d  technology. For 
the  most part ,  the new technology i s  n o t  
c a p i t a l  intensive,  so the re  w l l l  be less  
s u b s t i t u t i o n  of c a p i t a l  f o r  labor.  As 
before, however, the technology w l l l  be 
adopted because of the i n i t i a l  payoff, and 
l a t e r  out o f  necessity. 

And, l i k e  i t s  predecessors. i t w l l l  
cause adjustment problems. But the key t o  
the f u t u r e  w l l l  be the  management f a c t o r  
instead o f  the c a p i t a l l l a b o r  fac tor .  I n  
o ther  words, success w l l l  be determined by 
the management requirements accompanying 
the technology and the  management s k i l l s  of 
those who con t ro l  the cap i ta l .  

The s k i l l s  involved i n  the d e l i v e r y  and 
use o f  b lotechnolopical  improvements w i l l  
be q u i t e  d i f f e r e n t  from those involved i n  
the  de l i ve ry  and use o f  in format ion 
technology. Simply put. i n j e c t i n g  an 
animal w i t h  serum o r  feeding it premixed 
feed i s  q u i t e  d i f f e r e n t  from running a 
spread sheet and using the data t o  make 
business decisions. But t h i s  presumes t h a t  
the biotechnology i s  neat ly  packaged i n  a 
'black boxm and t h a t  i t  has no impact on 
the  processes o r  the  management s k i l l s  
required i n  the  r e s t  o f  t he  operation. We 
r e a l l y  do n o t  k n w  a t  t h i s  p o i n t  which w i l l  
be the case. 

Obviously, lenders w i l l  continue t o  
look a t  p r o f i t a b i l i t y  when making the  
c r e d i t  decision, and t o  the  extent  t h a t  
emerging technologies p r m i s e  t o  reduce 
costs, there w l l l  be an incen t i ve  t o  lend 
money. For the most part .  t he  n w  
technology should pass the economic 
f e a s i b i l i t y  tes t .  

There are. however, some important 
d i f fe rences between the  new technology and 
the old.  Previously, t he  c r e d i t  dec is ion 
focused on whether the operator could 
service the  debt on a high-cost item. I n  
the future,  the decis ion w i l l  l i k e l y  be 
based on whether t h e  operator has the  
management a b i l i t y  t o  handle 
state-of-the-art, a l b e i t  low cost. 
technology and remain p ro f i t ab le .  

Another important issue concerns the  
d i s t r i b u t i o n  of gains frm new 
technologies. When technological  changes 
came ou t  of the land grant  u n i v e r s i t y  
system. the suppl ier  took v i r t u a l l y  
nothing. A l l  t he  ga ln  went f i r s t  t o  the 
ea r l y  successful adopter and l a t e r  t o  the  
c o n s m r .  I n  the future,  i t  seems l i k e l y  
t h a t  the p r i v a t e  sector supp l ie rs  of 
technology w i l l  r e t a i n  a good p o r t i o n  of 
the  galn, w i t h  fanners and consumers 
s e t t l i n g  f o r  less. Only the higher value 
Innovations are  l i k e l y  t o  be p r o f i t a b l e  f o r  
fanners. So wh i le  c a p l t a l  requirements f o r  
new technologies may be less  than f o r  the 
old, t he  f i n a n c i a l  consequences could s t i l l  
be extremely important. 

Cred i t  A v a i l a b i l i t y  and I t s  Cost 

As a s t a r t i n g  point .  consider t h a t  40 
percent o f  the 1.400 c o m r c i a l  banks on 
the  ' troubled" l i s t  of the Federal Deposit 
Insurance Corporation are  c l a s s i f i e d  as 
a g r i c u l t u r a l  banks. 



Thus, w i t h  continued mergers and 
consolldatlons o f  f i nanc ia l  i n s t i t u t i ons ,  
loan decisions i n  the fu ture could be made 
a t  headquarters locat ions f a r  remved from 
the farm. And those decisions won't be 
shaded by neighborly good w i l l ,  but by hard 
business evidence of po ten t ia l  
p r o f i t a b i l i t y .  

I f  the headquarter bank perceiver t h a t  
r l s k  has increased as a r e s u l t  o f  the 
adoption o f  new technologies, large 
supplies, and low pr ices, the cost o f  
c red l t  could increase t o  cover the r i sk .  

And the changing regulatory and 
competit ive forces. inc lud ing the 
preference f o r  greater p r l va t l za t l on  o f  
some c r e d l t  i ns t i tu t ions ,  means t h a t  the 
cost o f  ag r i cu l t u ra l  c r ed i t  w i l l  probably 
be higher and m r e  v o l a t i l e  than i n  the 
1970s and w i l l  f o l l ow market rates nmre 
closely.  Although the cost of c red i t  may 
increase i n  rea l  terns from the 1970s, one 
must remember t h a t  decade was characterized 
by rea l  i n te res t  rates t o  farmers t h a t  were 
seldom much higher than zero. Conversely. 
i n  the mid 1980s rea l  i n t e res t  rates are 
qu i te  high. On balance, even though rea l  
i n t e res t  ra tes escalated subs tan t ia l l y  from 
the 1970s. there may be s m  opportuni ty 
f o r  reductions from mid 1980s levels.  I 
believe t h a t  wel l  managed farm operations 
w i l l  be able t o  compete e f f ec t i ve l y  f o r  
c r e d i t  and use it pro f i tab ly .  

I n  sunmary. the f inancing consequences 
of new technologles w i l l  depend on the 
re la t ionsh ip  among three factors:  

1. the f inancing character ls t lcs  o f  new 
technology -- how much does i t  cost. 
what i s  the payoff period. and what i s  
the e f f e c t  on costs o f  production and 
on pr ices received? 

2. the management s k i l l s  required o f  the 
operator i n  implementing the 
technologies. 

3. the changing forces i n  the cap i t a l  and 
c r e d i t  markets t h a t  a f f ec t  the cost and 
a v a i l a b i l i t y  of capi ta l .  

These, o f  course. are i n  addi t ion t o  
c r e d l t  factors usual ly  considered by the 
lender. 

Emrging Pol icy  Issues 

There are three larger  questions 
re la ted t o  new technologies. 

1. W i l l  excess ag r i cu l t u ra l  supply get 
worse and force an a l t e ra t l on  i n  farm 
po l i c y  t h a t  el iminates t he  h i s t o r i c  
kinds of programs t h a t  have cushioned 
ag r l cu l t u ra l  adjustnents? The pending 

l i s t  o f  technologies s h n n  every 
prospect o f  expanding production and 
worsening the supply/demand balance. 
However, the advances should help keep 
the U.S. c a n e t i t l v e  i n  world markets 
o r  a t  l eas t  keep the U.S. from f a l l i n g  
fur ther  behind. 

The prospect o f  increasing our 
output o f  program crops cur ren t l y  i n  
excess supply could help hasten the day 
t h a t  farm program benef i ts  are wore 
c l ea r l y  separated from a producer's 
current production level .  and. I n  fact. 
come up w i t h  an incent ive system t o  
c u r t a i l  such output. Nevertheless, it 
appears t h a t  ag r i cu l t u ra l  sector income 
and adjustment problems w l l l  be w i t h  us 
f o r  the r e s t  o f  the 20th century. 

2. A r e  ag r l cu l t u ra l  lenders going t o  
experience greater r i s ks  and w i l l  the 
cost of cap i ta l  increase t o  farmers? 
Lenders w i l l  be less vulnerable when 
f inancing many o f  the technological 
packages because o f  t h e i r  low cost. 
But they could be more vulnerable i n  
se lect ing uh ich businesses t o  f inance 
I n  an environment o f  new technology. A 
pmducer who i s  h igh ly  successful i n  
managing o l d  b io log ica l  and in fo rna t ion  
technologies may o r  may no t  be able t o  
handle the developing ones. 

This i s  an inpact  somewhat 
independent of size, bu t  one which can 
t u r n  a successful operation i n t o  one 
t h a t  w l l l  sk id  toward e x i t  due t o  
dropping comodi ty  prices. The 
prospect i s  a major r l s k  f o r  lenders. 

3. What i s  the Land Grant Univers i ty 's  
r o l e  i n  t h i s  process? Does i t  become 
ra ther  I r re levan t?  The new 
technologies are general ly the product 
o f  indust ry  ra ther  than the 
un lvers i t les .  Hence there i s  the 
prospect of greater gain f o r  the 
indust ry  and less f o r  the farmer and 
consumer. A proper balance of benef i ts 
w i l l  be struck. But the determination 
o f  the fairness o f  t h a t  balance could 
beccine a publ ic  po l i c y  issue. 

F ina l ly ,  we must no t  fo rge t  t h a t  t h i s  
paper addresses the ag r i cu l t u ra l  sector 
only. Viewed i n  i t s  broader context. 
technology i s  the engine t h a t  increases 
economic well-being. Despite po ten t ia l  
adjustment problems, the r e s u l t  i s  the 
freeing up o f  resources t h a t  can be pu t  t o  
s t i l l  other uses f o r  the good o f  mankind. 
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