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Educaticn 

Most education to support sustainable use 
of tropical forest resources must be done by 
tropical nations' own universities an(d tech-
nical schools. But th se schools geieraily ireo 
new, small, and not yet capabhl of the task. 

help su~stain tropical" 	U.S. universities can 
forest resources both by cd.cating profes-
sionals for work in iropicai -re.-s and by sup-
porting the dvlopmeiinit of tL e trouica! t'ni-
versities' capabilities, 

" To provide adequate instruction in trop:Il 
forest issues. U.S. unive'iie.i NoU. to lake 

fundamental cui riculuni ,-h ,,es, adding 
more anthropological and sociological 
perspectives io lhe educ:ltion of resource 
development sp cialists, 

1J	Environmental education prog:;anis suffer 
from a lack of behavioral si,.ence expertise 
and from a lack of literature documenting 
the rtasons for success and failure of past 
prCJ'r-n1s. 

Maal technical opportunities to revere trop-
ical forest degradation are aitracicg attention 
from developfl.mit assistmc!( o1'.I 0 iza ior ; 
and from tropical goove-'nii aenc is. 'i t. 
i.ei.her go.errneuIs, private 
nor local peu.pie Z're investig elw, h (,.api a I. 
land, and labor on lhbese toil ii,<ueS. NhIetliods 
to overco!al. tle"se cestc'ail:; ol ;1lC: invest-
Inerlt inlclude inc resc.Sr csf;lOnlnl te:hnieal.U , 

Research 

Fundamental and applied research, especial
ly in tile social sciences, are needed to de
velop more techniques that produce suifi
cien.t profits for investors and simultaneous
ly conserve the renewability of ; rest re
sources. 

a 	Research ol tropical forest resources is poor-
W coordinated. Fundamental researchers 
kn ow too little about what information ap
plied researchers need, and appii;.-d re
searche:'s know too litlle about the j~ecds of 
seachrnology i oleaentors. 

o i 

Ycdinalvy Transfer 
Innovative technologies, even s,.ccessful 
ones, often do not spread bevond s,.') ,-idized 

pilot projects. In1proved 1,,.:iinohcgy tr"lnsier 
efforts are needed among research(ers, be
tween researchers and proict maaveors, 
and between project managers and imnvid
ual decisionmakers. 

and environmental education, some research 
redirection, and iniprovet.1 technology transfer. 

inequitible and insecure land tenure; and 
populltion growth :its forest r:isource man
iti l'inunt proalenis even more hasic th those 
address,:, by torcstry education. r:s.areh, and 
technlogI tra.. h'lehse problems o,re notIinslfr. 
am;nena ble to direct action by the U.S. (;0il

257 



258 - Tvchno!oote to Sustain Tropicat Forest Resources 

gress-they must be resolved by the tropical na-
ions themselves. 

U.S. assistance can enhance education and 
research, particularly in the social sciences. It 

Prefe.-ioncal -ducation 
and Vechn-dcal Yraiing 

Progress in developing and implementing 
new forestry technologies is severely con-
strained by the scarcity of appopriately cd-
ucated personnel. A severe shortage of field 
technicians and extension ;agents with suitabletraining further constrains implementation of
existing technologies (4,18). 

In the short term, an efficient mechanism for 
matching qualified people to the available jobs
is necessary, and sufficient nmney and other 
inccotives must be provided. Expatriates, in-
cluding U.S. professionals, can carry out cer-
tain critical functions. However, over-reliance 
on expatriates is expensive, maintains ceprnd-
erc. mrav lead to adoption of inapprolriate 
technologies, and corntriblteS, little to huilding
'.ol ilical co1rSensus on the vat1ie of tropica!
fo,'-sts. For reasons becauseth,,!:e and the 

scopfe of tropical forest development pi-oblems

and opportunities is so large, improvement in 

both tee ]u~a nt ity and quaIity of education with-

in iroi(:,i,1 countries is essential to sustain trop-

ical ioiest resources in the long run. 

Foreor' E:gerca:'Von cnd "r:Inlng 

cc2in
Vro-kcal Ccz;arics 

e ree offered byuniversities in tropical Africa, 55 in tropical
Asia. and 39 in tropical America. In addition,
tropical Africa has 59 tol, h nical schools offer-
ini forestry courses, tropical Asia has 118, and 
tropic.al America has 51. Nearly all of these,
however, are new and producu few graduales
each year. 

Most of these professional and technical for-
estry prmr;,jis have focused on commercial 

also indirectly ca ....hlp improve tropical Ia
tons' abilities to rnake fundaimental changes 
in economic and social institutions. 

timber production and industrial processing. 
Now, however, the emphasis in tropical forest 
resource development is cha,.nging to includesocial forestry, ,erofore;try, and fuclwood 
forestry. To support this shift, the tropical
forestry schaols need to make some fundanien
tai changes. 

Professionals, inchiding foresters, sometimes
bnfonie too narrowly focused (8). This tenden
cy is particularly troublesome in tropical for
estry Lecause the interacions between natural 
systems and social systems are so complex. De
spite widespread areernt that the major coi
straints on improvcd forest resource manage
mont are socioeconnomic and institutional. so
cial ,ers-,ectivsremain underrepresented in 
forestry curricula. 

Forstrx' education has been strongly ori
(nled toward 'ioogicat sciences. It has not 
ti!,.d a c:-it cl r erd for professional under-
Stdlding of and curnpetence in d.!terminingthe pitent in of forests in rural duvelopment:
thethe soc-'al.v,,li.ssnc;at x illi rurili illcone and elriloy

nicn t: .eduction of urban niraition; lan'ld USV 
planning; diversification of agriculture; thelinrkajes of the va'ill," f iprodtucts fromn forest 
rtesources with otlw: s--to,L-,,: the economy
such as supplying, raw mat(erial for low cost 
housing: nor with 1W,; way forest industry d.veloplment can bc direIctix/ to fit the varioul
stages in tl, countrY's d wvelopnent (15). 

. t f Ii l 
Special efforts need to he taker] to ir:crpr 

a st 
related t~r,:.a,: c.r-ri Wa. tr',c, tm. rural
cif loy, ;, .i ,iV S, .... ira?,ri,I 
odnlo'-v, pJ1Ii :J mum. ;:1 1iot , rv ait I .hned. A.lllwll i'.e -e,:cmli,,ic:s is ic , ,;,l
ill many lorslr%c rri-uta, it teds to incrl

http:tropic.al
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,irate an orientation imore than industrial 
. prolduction and rlerand. Natural re-
urC(e de!velopment piIio ', envirnmental 

;,Plit a;s' i1sinejt, ar! arliiinistrative an 
:::, IL,,riall skills; alo have be1en neglected 

,loIwh(dgfe of' i1wrollo'v, soil science, range 
ma nagenient, and animal itishan dry is also im-
F',)rtant for forestry professianals in most trop-
Ical countries. 

Tere are two ways to broaden forestry c-
ucation: provide continuing education in social 

and agricultural sciences to forest profession-
als and forestry school faculty, and support the 
ddition or joint appointments of social scien-

tists as faculty in forestry schools. The disad-
vantage of the first approach is that many of 
these people may not have an inclination or ap-
titude for the social sciences. The problem with 
the second approach is that social scientists in 
tropical nations may not understand the rela-
tionship between their discipline and forestry. 
This can be ameliorated by providing in-housetraining in forestry and the natural sciences for 

social scientists. It would not, however, solve 
the problem of how to attract top quality social 
scientists into a field that is undersupported 
and generally viewed as less prestigious than 
other fields such as health and education. 

AllIG MATERIALS ANDDEVELOP TF I FAC iLITZS 

Many faculty members in tropical universi-
ties were educated in developed countries, 
Thus, they are likely to teach concepts and use 
course materials appropriate for capital-inten-

zones.sive production forestry in temperate 

But under tropical conditions the temperate 
zone forestry technologies may not be econom-
ically feasible or socially desirable. Further, 
temperate zone techniques can be poorly 
adapted to ecological conditions in the Tropics 
and may require equipment or skilled labor that 
is not available (35). 

Teaching materials relevant to tropical for-
ests are scarce. While some appropriate infor-
mation and course materials are available, they 
are poorly distributed. This situation could irm-
prove if teachers and researchers were to re-
ceive support to develop original course ma-

terials. Teaching materials developed in 
tropicail cointries caii be evaluated fur their ap
plicability in other countries. Funds could he 
providet to moldilv, translale, al.d distribute
thesc in;iter;als internationally. Some surpri3

ingly simple and inexpensive efforts con he 
very effective. For example, botanists have pro
duced inexpensive and accurate tree identifica
tion handbooks by photocopying leaf, twi,, 
flower, and seed specimens that are available 
in U.S. herbaria (21). 

Many tropical forestry schools also lack ade
quate library and computer facilities, field and 
laboratory equipmcnt, and arboretum or her
barium facilities. Computers, )rogramrnable 
calculators, and software can greatly facilitate 
teaching, research, and forest managemunt. 
For tropical forestry schools, minicomputers 
are advantageous because they are relatively 
inexpensive and easy to operate and repair. 

Museums can be teaching tools of great im
pportance to tropical forestry. In the U~nited 
States, the Smithsonian Institution, Chicago's 
Field Museum of Naural Hisiory, the Missou
ri Botanical Garden, New York Botanical Car
den, and certain museums affiliated with uni
versities are exarnules. Museums in trouical 
countries unfortunately are seldomn teaching 

museums. They are undcriinainced ar:. not 
particularly useful to forestry education. Sup
porting development of good teaching :muse
ums with well-stocked and weil-cuated her
bariums and arboretums would be an ceIttve 
way to improve tropical forestry educatin (4). 

IEChUIT APPROPIATE PEOPLE 
Forestry education is not a prestigious pro

fession n most tropical countries. Careers in 
this field do not offer the social or financial 
benefits that many other fields offer. Forestry 
school faculties in many countries are poorly 
paid and many of tel best quickly move on to 

other occupations. In sone countries, teaching 
staff are borrowed from tlie Forestry Depart
ment but are selected on the basis of seniority 
rather than teaching abiliky. C01sequenItIy, fur
estry education is severely constrainld I,' a 
shortage of qualified teachers ('.8) and univer



260 * TecnnologLs to Sustain Tropical Fcaost Resources 

sit* forestry programs haw. colmpet-

img wilh other programs for hinds, facilities,
and top quality students and scientists. 
U.S. scientists coutld increase their effort tohelp their colleagues iftropical schools gain 


international recognition and, thus, prestige in 
their universiiies. Developnent assistance 
agencies also coU'( invest additional mony ngoraduate programls for tropical forestry 
schools, provide con tiiuing education opportuni ties for faculty, provide scholarships, spon-
sor research, and develop acilities (e.g., librar-
ies. laboratories, field stations). Developing fa-
ciiities alone call be a waste of foreign assist-
ance funds, however, if expert personnel are 
not available or developed simultaneously (4). 

DEVELOP GRADUAITE PRO.UAS 

Few forestry schools in the Tropics offer
graduate degre-es. Afthough the development 
of a strong undergraduate program is the first
priority in frestry education, graduate schools 
arc important to produce future educators, re-
searchers, and upper-level decisionmakers. 
GraduaWt programs also are important because
they involve students and faculty in modern 
current research. Without a research compo-
nent, it is difficult for forestry and related 
disciplines to attract and retain top quality

students and faculty. 


SUPaPOrT TE€JICA. SCHiOOL PROG71AMS 
The shortage of adequately trained forestry


extension agents in rural 
areas probably is a 
greater constrainlt on resource-sustaining tech-

nolog-ies than the lack of professional person-

nel. The need for field technicians and exten-

sion vorkers will increase as tropical nations 

begin 
to manage forests, promole agroforestry,
arid disserinate improved wood-use tech-
nologies. In particular, more women should be 
educated as foresters, technicians, and extension amvnts hecaus, women are heavily in-
volved inusing forest resources and in many lcultures they Call be reached hest by other
coltre thc2bd 

Recruliting stdlfenIts to work as forestry t ch-
niciaris is a prolem. Few stude:nts who corn-
Ilet h,thiical training take field jobs and 

many who do may leave them soon. Edut:,11, ,i 

peotle generally prefer to live in urban arc,,,
making it difficult to retl.in good field staff. I1,
 
novative app roaches to this problem need t,,be develop ed, supporled. and documented. i.h 
examp, itmay be useal to increas rw.ru't.
 
Ment front
rural areas,although thi might n..
 
cessitate expanding technical schools' pr
grains to offor remedial work in basic academi,skills. 

U.S. forestry schools can improve technical 
schools in tle Tropics by helping produce
training materials. Also they can support
education of technicai school instructors 
through traming programs organized by the
Food and Agriculture Organization (FAQ) or 
other organizations. U.S. forestry schools genorally do not have the ability to contribute more 
directly to training technicians and extension 
agents for tropical forestry and agroforestry (4j 

lS[RVIC TPAIIINO 
Even if actions to improve forestry education
 

programs begin soon, a substantial lag will oc
cur before those students are in influential posi
tions. Therefore, it is also important to update

training of resource matll,,,ument professionals
 
and technicians.
 

In-service training enables staff to keep up 
with advances in forestry techniques and in related fields such as agriculLure, livestock man
agement, and soil and water conservation. It

is particularly important for social 
 forestry

projects because conventional forestry educa
lion has included so !ittle training on social as
pects of resource development. Unfortunate
ly, with 1e existing shortages of qualified pro
fessionals and technicians, itoften is difficult 
to release forest department staff for exto-nded 
training courses (40). 

The Uiited Nalis FAn Forestry Depart
imo has ihevel opeci a programin support
in-service training oflorestry personnel indeveloping countries. h'liis prograili receives 
.some financial !mpp rt( l rmurg h the U .S. con

iributioi to fI),and tlii sor'r s an effective 
challlwl for co Iili-dtl or irin:rlsed I S. sup
port of in-service training. I owever, at present 
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t.S.experts play rly a small part in the FAO 

opportunities for tho U.S. in Tropical 

Forestry Educaton and Trinig 

The United States has important expertise 
botanay. zool,~y


and experience inforestry e(ducation and has ex,someerts in trop icf rl 

wcar.sog,S eXperts in tropical l huaon 

ogy. soils, anid relatu topics scattered among
u.S. academic institutions. These experts arc 

but significantpiecemealcontributing in a 

fashion to education of U.S. and tropical coun-


try foresters and other professionals interested 

resources.
in tropical forest 


some 487 studcnts from 

In the fall of 1982, 

enrolled at U.S.
developing countries were 

foreicry schools, and a survey of 44 North 

were an-


American forestry schools found 33 


ticipating expansion (if 1heir international 


forestry activities (25). Newsletters, directories, 


and other networks to facilitate communica-
keing es-

tion among tropical forest experts are 

for example, by the International
tablished, 

Society nf Tropical Foresters. 


SI I $
' 'S U IV  OF U. UNIVESITIESUIMPIROVU T i CAPABILITI 

Most U.S. universities have had only peri-
in tropical

and activities few U.S. 
pheral interests in part, because 


This is,

forestry. 

in tropical forestry.
have experiencefaculty 

Many of those work for State-supported univer-

sities where overseas work is not well-regarded 
overseasthose who seek(43). Consequently, 


forestry work often are professionals at the be-


ginning of their careers or those nearing retire-


mont (4). 

s oare 

Few courses offered by U.S. forestry schools 
eco-

et co 

al interac tiona
focus on the Tropics or 

Some U.S. universitiesresource 
nomic and political(3:4).interactions auniinterdependenlce an excellent educa

can give foreign students 

tion in the fundamentals of basic science, forest 

forest industries, arid ,luantita-
management, 
tive methods (26). But education ton the applied 

and 
aspects of tropical forest nlailagerlient 

IfU.S. forestryis lacking.ecology mostly 
schools are to play an effective role in technol-

• ,26I
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ust Ib" ogy transfer to the Tropics, changes ha' to 

o yde inthe (curri;oCla.Special 
attenliol 

ia e ss (if tihe trcAlol
be paid to the al)i)'Olr el

thefrom
ogies taught. Otherwise, students 

0 t be able to apply Iheir Irwlv 
TrI)i(.s will 
lacquired knowhedge. Few U.S. schools a re wi:l 

or foreigon stu(heiis iiejuippei I to train U.S. 


social or community forestry.
 

a sense
 
The training of foresters gives them 

that they command al expertness and set o 

skills which permits them It(,diagnose and 

turns that .pside down so that the prolessio n " 

al becomes a cocrdinator and facilitator of 

diagnoses and prescriptions made by the corn

munity (6). 

This change requires development of com

munications and public relations skills as well
 

as sensitivity to cultural factors (13,30).
 

Lack of a tropical esetting'forFbi field
l t ocoursesses •co tis'trains 
io work in tle Trop

needs of studerts who ar 
to the classloitercannot beics. Educatio 

room. Field courses and imternships iclsing 

field work are essential (38). Both the social and 

natural science aspects of tropical forestry in
volvo problenm-solving skills that are butter 

learned in thc fielo than il classroom lectures 
l28).
 

and laboratory exercises 


CO.&AIIRC¢Y90kn C: 7%VFXA TRUMCAL 
UX). i

ENNCE TIY U 
TUo. Rq


SCHlOW.9 ADM 

The faculty, administrators, and students in 

tropical schools often find it diiicult to locate 

particular expertise in U.S. universities. 'win

ning and consortia are two inechanisins that 

used to facilitate coinnmunication betveen 

U.S. arid tropical nation schools. Twinning re

fers to the establishment of a special long-tern 
inthein another country.a forestry schooloneTropics andassociation between 

can help develop
A twinning arrangement 

teaching and research capabilities in both in

stitutions (4,471. It offers the ad vanitage of con

tiulUity, providing time for faculty and adlin

istrators on both sides to unde:stand the prob

in tile other country.
lems arid opportunities 
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It also l)rovides the opportunity to develop 

good working relationships. 


Twinning could be used to broaden tropical 
forestry education. For example, s U.S. 
uniorieseci F ex p e reUresource 
universities have strong social science exper-
tise ;dat co,ld he ap~plied to f'or(;,t resource de-

volomen isues.U.Scanliep dvelfaultvelopment issues. U.S. faculty can help devel-
Op teaching materials, desigri or conduct re
search, and temporarily substitute for tropi-
cal university faculty when they are absent for 
course material development, advanced educa-
)ion, or in-service training. 

Twinning, howvever, has disadvantages. U.S. 
universities -r likely to perceive little benefit 
to themselves i'roin participating. Thus, twin-
ning activities may be assigned a low priority 
unless there is s3ufficient external funding (4). 
The exchange of ;'aculty, Students, and infor-Th ecenters,
mation may end up ucing one-way-from trop-
ical country institution to developed country 
university. Also. since no single U.S. univer
sitv offers a comorehensive program in tropical'•necess 
forest resources, limiting access to the exper-
tise available in just one U.S. university could 
be a disadvantage to the tropical university, 

Consortia of U.S. universities can resolve 
some of twinning's disadvantages because they 
can provide a wider range of expertise to the 
tropical institutions. The consortium can direct 
tropical faculty, administrators, or students to 
programs best suited to their nceds. Some such 
consortia already exist (ch. 5). However, 
neither twinning nor consortia are able to re-
solve several major constraints on development 
of U.S. expertise in tropical forestry (4). These 
include: 

1. insufficient faculty competence in tropical 

forest resource fields. 

2.Lack oftropiclforest en*2.Lack of tropical forest environments in 

which to teach tropical forest resource 
management. 

3. Lack of a suitable setting for relerant facul-
ty 	anl gra ua te student research.tyat, a (]St drad~ i re ear h . 

4.Lack of a center for exchange of ideas 

among tropical fres! resource scholars.
 

lhese const raints could be overcome by des. 
ignating and developing institutions, located 

in U.S. huiid troiciJ an semiarid areas, to 
serve ais centers of excellence in tropical forest 

(evelo-,iment. 'he primary purpose 
of such c(-nters 'would be to advance tropical:')etrsuc e u:t'.1"eyas o l o)
 
-orst esorceeducation. They also could con
duct research programs and act as information 

clearinghouses. For these centers,tropical for
est resources would not be a peripheral inter
est; they would be the main focus. And because 
the research and teaching could be applied to 
resource development in the area where the 
centers are localed, they should receive sup
port from State and territorial organizations. 

If emphasis on the special importance of.o
cial sciences, economic botany, and other dis
c
 
cllnswr ~:te notecatr fscthey coul a become more truly inter
disciplinary than ae conventional forestry 
schools. It wouid trn difficult to assign perma

necsy for caryc,utt praplrogram onon tropicaltor 3nane. trpia 
forest resources. This could be accomplished 
by using a core slaff of research scientists 
together with a series of shert-term assign

ments of faculty from various institutions (4). 
The informat)n clearinghouse function of 

the centers of excellence could serve not only 
education orgawzvions but a]-: resource de
eductin ge'.ein t alaos de
velopmet agec' s in tropical nations. The 
centers could identify: 

a 	appropriate U.S. organizations where peo
pie from tropical countries could obtain 
graduate and post graduate training, 

a 	U.S. organizalion:; where tropical univer
sities can find institution-building exper
tise, 
tropical organizations interested in collab
orative res'arcl and instruction with U.S. 
universities, 

• sources of funding available for these (\. 
changes, andex p~ertise on VcHIOU ',n ew or ex istin g h,J1. 
nologies. 

5. 	 L,ack of a center to louse net.essary colla- The U.S. Forosi Seiviure has a ro'rn pro\ idr(, 
teral institutions, including a tropical her- ing such inforii ition fr All) projects, lvahi 
baritum, tropical wood collection, and trop- ations iidic;a Ilf I il:,.tl itialily of' All)",' il, 
ical arboretum. estry-related 1. o',j j::-,booni sut,,tla tiidly il' 
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prov2d by this rmIalively inexpensive effort. mainly on agroforestry and, except for ICRAI,
Centers of excellhnce could(1eXt !olthis broker their rniior emphasis is on annuil (Aiop)agri
function to inslilutions oth.r than AID. cultare. 

Locatin. tH. centers of excif.ence in lhe
 
United Statcj.vtOld hel 
 assre ,.ontimi:ty and Environmental Education 
stability of 'unding,thus giving- better oppor
tunity for long-term research, training, and One reason why the forestry sector has been
service capabilit ins (4). Associating such Cen- relatively neglected in many tropical countries 
ters with exi'fing instiLutions could avoid the is that decisionmakers and the general public
costs anid risks of establishing entirely new fa- are unaware of the costs of forest degradation
cilities. For example, the U.S. Forest Service and the benefits of forest maintenance. Envi-Institutes in Puertc Rico cnd Ilawaii could be ronmental education is a term that covers a
developed as centers of' e..celleic to serve broad range of efforts to change people's be
tropical America and tropical Asia, respective- havior by 1)giving them knowledge regarding
ly. Similarly, the Kleberg Wildlife Research In- interactions between natural resources and thestitute in Kingsville, Tex., whicl- conduc:s quality of their lives, 2)inspiring an emotional 
some research and training in semiarid land commitment to environmental quality, and 3)
forestry, could be strengthened and broadened teaching what actions individuals and groups
to become a center of excellence, can take to sustain or improve the productivi-

A major drawback to the ceiter of excellence ty of their environment. 
concept is that substantial Federal unding To change people's attitudes loward natural
might be necessary. Another disadvi!ntage is resources, an education program should bethat the U.S. tropical island locations are not based not only on technical knowledge of en
biologically typical of forest resources on trop- vironmental sciences but also on knowledge: ofical continents, and none of the U.S. locations the psychological and cultural factors that mot
have sociological or institutional conditions ivate human bahavior (39). 1lowever, environ
similar to tropical nations. The centers might mental educa1rs are generally not trained in 
overcome these cons!traints by arranging to use the sciences o"human behavior and so do not
facilities at tropical universities as field stalions apply the scientific method to improve envi
or by helping tropical schools develop new 
 ronmental educalion techniques. Trial and er
field stations. ror with little basis in scientific theory can lead 
An alternative to establishing new centers to improvements if the reasons for su:cCess ande to blihingAn aterestati new ceners failure are documented. Unfortuniately, enviwould be for the United States to offer support ronmnental education prorams in troeial na

to international institutions that are working tion br ser sral ra
to provide tropical forest resource education tions, perhaps because they are so small rela
and research programs, such as the Interna- tivu to the problems they address, seldoin set 
tional Council for Research on Agroforestry aside sufficient funds or time for evaluation 
(ICRAF) located in Kenya. the United Nations and documentation (45).
University (UNU) headquartered in Japan, and Ideally, environmental education should bethe Centro Agronomico T apical de Investiga- incorporated into regular curricula at the
ci6n y Ensenanza (CA'i'IE) in Costa Rica. These primary school level. That is when basic atti.institutions have cooperative prograis with tudes and values are formed, and primary
universities in other tropical countries. Con- school will be many tropical people's only for
centrating the U.S. effort on existing interna- mal education. Practical considerations, how
tional institutions would not he a compl'te sub- ever, constrain this broad and tuture-n riented
stitute for a U.S. cem:ter of excellence, however, approach. The fe.v environmental educ~ition
The forestry mandates of these institutions are programs that exist are poorly 'Lfun. l am
relatively narrow-their forestry efforts foc us understaffend. Thus, prioritiesrmust be s,!t to en
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sure tile effective use of very limited erduca-
tional resources. For U.S.-funded etforts, tile 
most effective approaclh may he to focus first 
on those who make decisions of greater lot i-
term impact--politicians, government officials, 
andfacUllty who are teaching poteatiaI future 
leaders. 

Mass media can provide effective means to 
recoh populations outside the classroom. heh 
can R)used to teach principles of ecology and 
resource management, to illuminate pressing 
resource development problems, and to explain 
how motleh can affect resource sustainability 
directl or by influencing,public policy. Radio,
newsti pers, pamphlets,and comic books have 
been cost-effective tools for education introp-
ical countries. Environmental education activ-
ities also can be tied into development projects 
in 	thiAr pi blic outreach and monitoring and 
evaluation functions (36). 

Prinipls of M.ivironnaientaI Educoan 

The state of the arit in environmental ed uca-
tion isnot suficiently advanced to predict spe 
cifica liv what techniques vill succeed invari-
ous situations. But a review of development 
assistance prograins wiHi environmental edu-
cation components has imldica ted general prin-
ciples for success in environmental educationr 
(45). Programs should: 

* 	address specific resource problems, 
* 	reach particular audiences, 
* 	rich all the decisionmakers who must 

participate in the solution to the prolem, 
hoecompatible with cultural values and 
personal motivations, 

• include opportunities for continuing eval-
uation, documentation, and adaptation, 
and .
* 	include opporlunilies and support to make 
tile education effort ngoing and capable 
of spreading to other audiences. (45) 

The environmental education task is lraight-
forxva rd only where benefits accr ir,(ireefly to 
the dfcisionmaker, For example, a social for-
estry project inNorthern Pakistan that seeks 

to change tile use of steepcl deforested hillsides 
has had enthusis;ltic participation from farm
ers vin 'vant to p reserve thiir land's produc
tivity for the htenefit of their clildren. However, 
getting government officials to allocate scarce 
resources ( expand the prgrain has not been 
so easy. Ilie program bno fits some upland 
far e rs in ua f years and more downstreamt 
l i e ..yer bet t may nel bbring
ly enti iting-the gowniunen tpersonnel by 
ing political recognition. 

Another example that demonstrates several 
of th environmclta] education principles is 
a Peace Corps project inParaguay that trained
 
rur-al element ary school teachers in basic en
vironniental education methods. The program
 
was designed to include the faculty and staff
 
from the scLoW officials from the Ministries
 
of Agriculture and Education, and Peace Corps
 
staff. NIinistry officials w',re convinced of the
 
irnpo rta ce of environ mental education
 
through workshops and discussions. To en
curage the tea chers, tie Ministries agreed to
p:,v'ide salary incrnses for teachers in a pilot
 
program who tcveloped and evaluated an en
vironnmntal education curriculurn for their
 
studenst ltovver, the importance of a mul
tiWeiel apl)roa ch becane alpparent when the
 
PaceCorps dimiishud] its involvement with
 
ministry ofl'cialIs and iocu.ised only on the
 
teac!,rs. MOinimr support declined and so the
 

teachers could n spread the curriculum they

had designed bevoid the initial pilot project
 
area. lhis stiggests that the program may have
 
failed to prcvide lot the personal motivations
 
of all levels of dec isiiunalkers who would af
fect tile program's success. 

ecause changes in human attitudes are dif
icauseto Mf hmad narit savironmenad
ucatioi efforts xviii rerriri difficult to oevaluate,
dociientand riolknti.Iis gives theutech
nologv -disadvantage!xx.er co'i ting with 
other, betler t1rfuvle!,:g,, t1,'li haveneh (l, s 

more easily r riur(e r;ull. ,ltlhoigh envi
ro()nieritaul ftIrc'a I .;t al Inisis ini beitrm 
havioral science, it(:tr Iill prole'ress i'pro
grais are documruutdt by te practitioners. 
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, .*
p., ,"',, ' , ' 'interactions,... .., 


" . - * some of these interactions manifest slow
-. : ly as cycles of pliant succession and climate 

,-" , "occur, and
'.' '.:'' • interactions can be obscured by change.sI..-

in weather and hydrologic flows, 

"
 ", " Longer terms for iesearch funding (1-5 year 
budgets) generally result in better research and, 

-- - in the long run, more efficient use of research 
" " - funds (12,33). 

. . .. Moreover, applied forestry research usually 
must be site-specific, and transferring the re
suits to other locations often necessitates re
peating some of' the research. Ecological and 

.., silvicultural research in natura forest manage

A.-pii. esearciFunci.mcntca anU n 

resources depndsSustaining,tropical Ionest 
on implenmenting teclhnologqs that simultane-
ously can: 1)provide basic needs (Food, fiber, 
fuel, construction mahorials, nd cash), 2) sus-
tain the renewability of'tie resoi les, and 3) 
be profitable and culiurally acceplable to dif-
ferent groups with differnt levels of knowl-
edge, skills, and resources. Technologies that 
meet all these requirerments exist for only a few 
tropical forest situations, bt probably could 
be developed for other kinds of forests with 
other socioeconomic conditions. Such technol-
ogy development will require fundamental re-
search on both natural ani manipulated eco-
systems, applied researci o,, technologies at)-
propriate for specific cultural and ecological 
conditions, projects implemn-.iting the technol-

" 


ogies, and evaluation research that loads to 

continuous improvement and diffusion. 

The purpose of fundamental forestry re
search is to increase understanding of the 
structure and functioning of forest ecosystems, 
the physiology of plants and animals, and their 
ul e by humans (33), This work serves as the 
foundation for the principles and techniques 
used in applied forestry research, which is 
directed 'oward solvihg particular problems or 
improving the use and conservwtion of forest 
resources (9j. In practice, ti dislinction be
tween fundamental and applied research often 
is difficult to make. 

Fundamental and applied research on forest 
resource systems typically require long periods
of study before firm conclusions can be drawn 

because: 

* tree lifacycles are long, 
tropical forest components have complex 

..,' .. " 

S -- '- _... '........ ,.,,cific
-. .
 
, r,,cu,,,, organizonPhoto cr ai UN Fo- ata, .

Forcs'ry research, both fundamental and applied. is 

often poorly linked to development pro}rarns. However, 
programs exist that ,an pay substanti'l returns on the 
research investment. Here a teen tree is prepared for 

transplanting :it the kiaqalena Valley Corporation s 

research center at Santa Mirta. Colointmia 

ment, soils, pests and diseases, watershed man
agement, and wi ife are especially site-spe

(9). Sociological research similarly is area
specific heciause of (iffferent s in cultures and 

local problems (20). Site-specificity, however, 
call be overen phasized. Well-desielled applied 
research call pro(Lce gene'ral 1eSSOlS that Call 

extrapolilh:d a ln 0 acclerate research at 

other sites (1 2, t6). 

25-287 0 - 114 - IS 
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Rosoercl Prioritos 
Fundul-Aental Research 


Fundamental research on tropical forests has 
concentrated more on evolutionary biologv
than on tropical ecosystem processes (12).
Much research seems simply to reaffirm what 
has been known for deo:ades. Recognition that 
the moist tropical forest exists essentially in 
balance with its environment by recycling nu-
triots ohtamed froiruecaying pInmirateri-
al, not by dra wing u . soil i neralIs, was 
recog,,aized in 1937 (17]. The relationship of
chtcmisti'y and iniiiierahogy to the haruelning of'c t ainstability 
certain soils in the hot, wet Tropics after forest 
clearing was dscs rihed in 1956 (2). And be-
cause it was reco!inized that soils of the hot, 
wet Tropics largeiy were devoid of important
plant nutrients, the overlying forest cover was 
described as early,as 19 8 as being ecological-
ly "a desert covered by trees" (10). 

Scientists have begun to recognize the need 
to shift research emphasis to inclde human 
manipulation of the ecosystems. The Nati n-
al Academy of S,:iances Committee on Re-
search 'riorities in Tropical Biology has con-
cluded that tropical ecosystem studies should 
concentrate on areas that are "selected because 
they are representative, diverse, an( capable
of experimental manipulation and hecause of 
scientific and societal importance." 

The NAS report calls for in-depth study of 
four! tyjpes o! tropical ecosystems: in ort it new 
worli inoist lowland forest, fertile new worldrnoist lowland !orest, ,otfheast Asiin lowland 

report does not say what echniu I sWrs. Ti 

to calcuJlate tradeoffs in choosing these four 
types. The semiarid open canopy forests and 
shrublnds of the Tropics are poorly repre-
sented in the ranking, which sugests that the 
scientists on the NAS coininittee give higher 
priority to the goals reiated to hiotlagically
"rich euvirrnmems thiaii to envmi ImerIts 
whur 1i1w eff,(.ts of resource de!,gradjation on 
huomits are mo1Ist inimel iate. 

Ru.;, illlg prioritius for biological inventory, 

those conltaining iota in immediate danger of 
extinction. This in¢:lide, the coastal forests ofEcuador, coastal southern Bahia and Espirito 

Santo in Brazil, tie eastern and southern Bra
zilian Amazon. western an(1 southern Came
roon and adjacent parts of Nigeria and Gabon,
Hawaii, Maclagascar, Sri Lanka, Borneo, Cel
ebes, New Caledonia, and forested areas in 
Tanzania and Kenya. 

The committee assigned highest priority to 
anlt hropological studies and to interdisciplinary
rsuarch on the historical, political, social, and 
conoiic phenona that lead to ecological

in tle Tropics. In Mexico, Indone
sia, and ''hailand, ecolo,,ical and anthropolog
icai research are being combined to investigate
traditional resource use systems (16). This ap
p uach seenis especially likeiv to lud lu vood

t a 
ereuiceserving(16). 

A common criticism of applied forestry re
search is that it is -ot focused on resource man
agemen needs. Niany forest research institutes 
in developing count ies study highly special
ized topics to serve academric purposes (27).
The manag:ment-orienwt.d rescarch that occurs 
has emphasized short-term trials of exotic spe
cius andi specialized pJ:in ation techniques (5). 
Often research is based on outdated methods 
or is i0lplcimented nco:i,(-,tly (22). Further
niore, most of the applid research in tropicalorestrv has been restricted to biophysical top
ics while many, perhaps most, of the real constraints are social, c(.ofomnic, or political 

(23,27). 
Applied forest resources research can be 

inadoh more rel,.vaiu if lije re:;irctuersm under
stand the prohleis far;ed liv t(chnology imple
nenttors. Governnemit projt jmiagers, exten
sion ai,,erils, tiihul corir:wesim Iwre , forest in
destrIndma;I_(0rS, uerss (o"onminuhtmsriil private
foi'esis, and olhel potiut il ust.r:, ol research 
limiliii .:,}houldhelp ,,i: the I t(JficS: e.Mari}A 
(24). 

the NAs coriimit tee cites areas thai contain eIll, All exlim ivoge of inforniitun witht local Ipo
rich(est "nd msl highly endemic: hi ta and p)le also ik usually Nmecsryto correc:tly iden

http:eff,(.ts
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tify resource di t 'nI roblortti. Ye;t proc-
tl,::, ' inv(olvelli: I :.,';tl(A) ItIl 

little i ttliff tI tit ibl l l ti'I tuti, illii.r 
esseos tJ illoc 

%% i , l 

the topic is sil (20). Resta mrs nteud to i0 ho;r 
Ifit)I%tit, i, i ji'vaileo crease their , l',

inl .siltuaItions , ,i' ( ;ii ;Il;l ;iIH ll ti 11., 

ski s ai ,.,, tre laht(Ji ir; abundlantskills a to ,tt :': ,ml 

bUt costly (14). 

lw svten iatic atlenllts hadBefore 1980,
been made to e;ta ii,i (o iol prehonsive priori-

ties for applied Itroptical ot'rest rse;rch or to 

coordinate prograits. Since then, various or-

ganizations have recognized that the limited 

nore efficientlyresearch funds must be used 

and have produced prirrity lists. Tahles 32, 


bv the34 show priorities identified33, and 

Table 32.-U.S. Priorities for Applied Research 

I. Reforestation and afforestation 
A. Species selection 
B. Erosion control 
C. Maintenance of soil fertility 

planting techniquesD. Nursery Pstablishment and 

E. P rotection aOmURls 
1. Grazing animals 
2. Pests and disease 
3. Fire 

F. Shelterbelt configurations 

II. Meeting the demand for fuels 
A. Alternatives to fuelwood 
B. More efficient, cultural;y acceotable woodstoves 

and charcoal production techniques 

Ill. Industrial forestry and conservation 
A. Properties of species currently not used by 

Industry 
B. Techniques for decreasing .vood losses in 

harvesting, transport, storage, and processing 

IV. Remote sensing applications 

V. Integration of forest management into comprehensive 
rural development 
A. Multiple-use management 
B. Combinations of activities 
C. Incentives for carrying out sound management 

VI. Economics 
A. Relationship between forest land management and 

watersheds 
B. Value of wildlife 
C.Relative merits of village woodlots, farm forestry, 

reforestation, aqroforeslry, and strip planting 
0. Demonstration effects of forestry programs 

F :-r.. i F, tts. in,' rl'asT rproicaITr, -,:i r,3sOuRcE: us 1nterqeicy T I.I 

A Polcy " ,, .11 i,-P ! 'r 'or Ihe U,',,: ,ii.,rv.Forests. 
lWashingion, D C U % [u,,,rrrreni Protrrrg Office. t9oO1 

Table 33.-World Bank/FAO Priorities for Forestry 
Research in Developing Countries 

I. Foretry in relation to agrticulture and rural devel'j fment 

A.Sociological and institutional researctn 
B Farrin, s/';terns ,j,,in, trees 
G.atcWate:rsnedJi tneme ;nl ranqe man:j';,. ment 

D.Wildlife in relation to rural welfare 

II.Forestry in relation to energy production and use 
A. Silviculture ol biomasslfuelvood species
 

and systems
 
B.Yield, harvesting, and properties 

to village technologyC. Industrial research related 
D.Comparison with alternative fuels (social, technical, 

and economic efficiency) 
E.Wood-based derivatives 

Ill. 	Management and conservation of existing resources 
(mainly natural forests) 
A.Resource survey
B. 	 ',,cnservation 

C. SIvicultural systems for natural forests 
D.Whole tree use 
E.Use and marketing of secondary species 
F. Wood preservation 

IV. Industrial forestry 
A. Silvicalture and management
B. Wood properties 

CE: World nda Aqriculture Organizatfon. Forostry Needs in 

De~vlopinq Countijes Time ftr a Rearprasal? paper for 17th IUFRO 

Congess, Kyoto, Japan, Sept. 6.17, 1981. 

Table 34.-The East.West Center's Priorily List for
 
Scientific Forestry Research
 

Rank Sibect 
Rn S

1 Ecology 
2 Silviculture 
3 Agroforestry 
4 Reforestation, afforestation 
5 Watershed management, hydrology
 
6 Fuel, bioenergy
 
7 Forest industries and use
 
8 Surveys and inventories 
9 Education, research, and training
 

10 Policy and planning
 
11 Logging and transport
 
12 Nursery practice
 
13 Genetics
 
14 Marketing
 
15 Economics, especially of product processing
 
16 Land tenure
 
17 Soils
 
18 Protection of wood products
 
19 Forest products (technological) 
souncr: E Brun . Surnmrlrv Ilbv orl ho Asnr.PaciticReqon1l WcrA.,hop for
 

Forest Hes,,arch Dtrctors HorloIlIu, Ha dI. E-as-Wost Center
 

Environm nlrland Poilcy inaituleo. 1982)
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U.S. Interagency Task Force (43). The World 
Bank/FAQ (47), and the East-West Center Con-
ference (5). 

The recent creation of research priority lists 
suggests that organizations funding applied 
tropicalforestry research may begin to exert more control over which lopics are investi-
gated. Other recent developments suggest thatthe scientists who do forestry research are rec-
ognizing the urgency of tropical forest resource 
problems and are ready to cooperate with coor-
dination efforts. 

For exampie, the International Union of For-
estry Research Organizations (IUFRO) has con-
centrated on timher production for use in the
industrialized nations. Now, it is shifting its
focus to forestry in the developing nations and
is organizing a series of inturnational work-shops on fuelwood systems and multipurpose 
trees for reiorestation of degraded lands. These
workshops are expected to guide research 
funding by donor agencies such as AID. Mean-
while, AID is substantially increasing its fund-
ing for forestry reseeirch over the next 10 years. 

Dissemincion of &i"Mc,.hs2eerh 


Within many tropical co ntries, little cor-mon ,.atien ta:kes place between research or
gvaniz iions and the ,overninent agencies that
rira ions andote gver)nment ageies [that 
carry out resource deveb ipmnt programns (47).Ssbrar 


. sdatascarcity and cost of translation services cause 
difficuities. However, even within the United 
States a similar lack of communication occurs 
belween forestry researchers and technologyfinluienrimplenntors ((9). Reseaeerhrsae-orciiers eare not re
waide(1d for publishing in popular literature,
and the planners and ma nagers of forest re-
source development projects seldom have the 
time or inclination to study technical reports
in scientific journals. 

Obstacles to effective dissemination include: 

" lack of public recognilion of the relevance 

allid urgencv of the situation, 


" lack of )olitical support, 

• unwillingness to accept risks, 

e inadequate verification and dernonstration 
of findings, 

a incompatibility between donor objectives 

and research needs, 
* 	failure to use he potential of the popular 

media, 
* inadequate funding of dissemination ac

tivities,
incomprehensibility of dissemination pres
entations, and 
n 

Dissemination of research findings to deci
sioninakers and field staff could be improved
with better organization a.d funding (27).
IUFRO carries out some dissemination, but its
role could be increased. IUF'IO's official pub
lications are i."md in English, French, andGerman; the la.k of Spanish translations is a
deficiency. More .udy tours and exchanges 
among developing countries could increase 
technical cooperation (47).

Computerized in'.Drmation storage and re
trieval systems e\:ist in the United States and 
in other industrial nations that could be usedto improve the dissemination of research resuits and, thus, (.ould greatly enhance the ben
eits derived from lesearch on tropical forest 
resources. Exan,,lles include the AGRICOLAbibliographic systems of USDA's National Li

of Agriculture, Ecosystematics and otherbases at USDA's Economic Botany Laboratory, tie Sin ithsonian Science Information 
Exchao e,t1e US. Forest Service Current In
formationhv .S.Forand S[lie Cmneath
 
foresarion Stiv:te and
sm, (O Commonwealthl)orestry Institute Svslten (Oxford, England). 

The U.S. Forest Service has a popular per
odical, 7relJ)laer'_.
No., that dIisseminates 
research findin-s to frestry practitlioners. The 
FAO Forestry Depa rten does have a publica
tion, Ulnasyvria, b' ' it haJs a brOjad focus and is 
airmed at governn-rit decisionutakers in tie 
forestry , .clor, So it s:liu) vi .- the detailforestry pracliioners nI-,:( . Fi, hI-level in aria
gers ilew( rieL'Iflal p1i , th ;Jre notlic(:; t1 t 
overly te(.lJm i(:,tl J. Tiu U.S. l'oiest Service 
filled this role ;i ! region 'ie Cardho: with 

http:i"Mc,.hs


bean Forosteruntil this p1 rlli:ation was termi-

naterl in 16W3. 

All) siit~iliorrt, a larr:,e; jl! ,er o~l rmall r ws-

letteers tlt these are Ialway:; w(-
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Well-qualibsel scientists in tropical nations 

often I e ovovrnment service or itmI';ile 
alhroa I Ircause, of l), pay aid ',rI:rigli,,si: ini 
alequal finding: liirite l r(!e ;fnlr} acililil!S, 

equipment, and libraries; or the shortagje of 

arid iriist of 0lo i l ,,iil ,,in .'." ,,.u'd 2 i.. l. nuitable rollagiis. ,eRe,:'d is hind 'd- in 
pil i I I [ih\ AlIt), Re"effe'ctive eo 

sour;es I.'-port. ,Xi, t,.h1ii ,l ii lports and 
will sen1 c( llies to h,,- inveiolrteoruItrY sb ~ 

scribers wIhorequesl e Moresifrs.1aso 

should be mane to tran sate key resar'h fin-
ings into local hgliagues, 

Sumn-inary 

A number of institutional weaknesses in de-
veloping countries conlribu,!to the inadhequa-

cy of forestry research. The most serious defi-

ciency in many countries is the shortage of 

qualified scientists. Researchers often lack 
scientific skills as well as related skills in 

research management and administration, 
technical writing, rese,arch design and analysis, 
foreign language. aid data processing (5). 
Mechanisms exist to provide inu-service train-
ing to tropical nation scientists at iniversities 
and herbaria in the United States, and al the 

of' the andresearch stations Forest Service 
other agencies of the Departirwelts of Agricul-
ture and Interior. A thoroug.h review o' such 
opportunities by the Geniral Accounting Of

fice or a similar agency ight reveal ways to 

use them inore effectively. 

some countries by hiroacratic rigidities. rver
centralization or fragonwentatior, lack of politi
cal SUpport, and interagency rivalries [9,22,33). 

In many tropical cultures, little prestige is at

tached to forestry research because the ed u

cated, urban class views fiell work in rural 

hardship duty appropriate only forareas as 
lower level staff (22). U.S. scientists concerned 

about the degradation of tropical resourCes 
could act through their various professional or

ganizations to enhance the prestige of their (o0

leagues in tropical nations. 
Although the United States has recognized 

strengths in the social sciences, the nunhor of 
U.S. social scientists with ext)e,'tise relevant to 

tropical forest resource development is not 
known. They runa constitute one of the major 
U.S. academic strengths for research on tech
nologies to sustain tropical forest resources. 
One or more centers of excellence in tropical 
forestry, as discussed earlier in this chapter, 
could scrve to better coordinate the scattered 
U.S. research expertise. 

TUCCRALOQ'GTC
 

Backg3round 

The experience of U.S. forestry organizations 

shows that many potentially proftaile tech-

niquos languish For lack ofeffective, technology 
transfer anonrg scia n!'sts and bret;veen scieln-

tists and technology uiseris (9). 'lhe tropical na-

tions Facing severe deforestalion and rap)id 

cannot afford such ineffi-population growlh 
ciency. Therefore, a concerted effort is nee(ded 

to build local organizations' capacities to 

choose, receive, adapt, and deliver technolo
to local circumstances.gies apl)ropiate 

Technology transfer is the business of !he de

velopne nt assistance agencies, and the way in 

which they conduct their business has a ma

jor influence oil whether renewable resources 
are kept renewable. The literature on technol

ogy transfer is voluminous but mainly theoret
ical, and little of this theory is focused on 

forest-related technologies. So OTA convened 
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an interdisciplinary ranel to coirsider the con-
ditions necessary for successful iausfor of 
tropical forest resource techiologies. 

Necessary Cond['ons for 
Successul Tech&c2,o'jy Transfer 

Nine key conditions for successful technob 
ogy transtfr were identified. First, the tech-
nolog should be adapted to the local hiophys-
ical and socioeconomic environment of the 
LIS15. The technology iobe tran';'ec'ed should 
have been used su accesasully elsewhere under 
similar conditions, at least on a plot scale, 
Technology transfer should not be confused 
with experimentation or applied reseorch. 
Othervis,,, the technology is likely to be nnsU:c-
cessiul Pnd the adopters might become unwll-
ing to try other innovations. 

Second, technology is transferred most of-
',ctively by direct people-to-peolqe actions. 
People who are to adapt and apply the tech-
noioey iced to learn it directly from people 
who have xneri enc applin-m it. S.iressful 
technolony tr nsters seldon are basil solely 
on media presentations, such as panicphlets, 
ho,!.s, radiio po, rais, or filins. Rather, per-
sonal interactions are essential. FIedia presen-
tations, howe'm', ,:an help motivate tvmson-
al interaction, su!)lnient t:echnolog' ransfer 

effots, and sUlq)jrt suib)bsequent applicalions of 
h 

Third, the technology transfer agents must 
be weli-qualifie(t anl( able to coin tiic ate f-
fectively to people who are c pa'Ile of rr(',i.inin(ga nth i ptcpl h ll lo ,,y A"ou y p r-S 

oranizathons to build an effective system of 
Iransfter agents who use personal contact to re
asure pecqd about th. appropriateness of an 
innovation and who provid(. the information 
needed for a fair trial. 

Fourth, in addition to transfer agents and 
capabile recilpients, "'Facilitators" or "middle-
Men'" are neaeded. These people must under
stand the ti e: noloy transfler process, especial
l the ma.rket for the tteel nology iind its prod
tic Is and th !olitic al, social, and economic 
constraints and opportunities affecting the 
other actors. hecause technology transfer is 
usually a lung-'toriln proue!;s. subiect to mistakes 
and setbacks, it needs advocates to help the 
nc;v lecbnlog ies cornpew vith established 
ways of u si ng resonces. Thus, facilitators must 
ma; n r0iin their roles throtughout the transfer 
process. 

The permanent staff of development assis

tance agencies could act as facilitators. Too 
oten, however, they a rota to o other parts 
of the agencyv before the technology transfer 
prcess is co(Jinllet. Ani1 alternative is for the 
dvelopment assislance agencies to locate and 
work with facilitators among the indigenous 
tropical p()ple (31). 

Fifth, users and transfer agents should be ir
'i 

voiveo in choosing, planning, and implement
ill gy .,aser so H moos nc l 
needs and is apyroprifle for the situation. lor 
example, wo men areirnost U!,'ectly oIftected ly 
C(;omnuPitV 10rst i'5' pli'jI:Cts hut are usually ox
chided train prohlem idenlification and project 
planning efforits (1). 

i'e mustl l thl-l1ix t h,all p a;l ,in v ~il.',df'c:c Ih ,", 
ig a aplin the echnl . Ancy -winns and must, in fact, e Inners 
sannl who are theMelves lcarni ig tihe tech-
nohmgy for tie first time as they try to transfer 
it are ritten a cause of faiure. '-hmis, dv:olo-
m ent assistance age(:ncies need to employ sul-
stantial numbers of experienced t(hnical 
per'SoO~lel. 

A rore si .niicanlt constraint is the lack of 
irdl!,, i car inl(w Ow eloln)r)-,.yacityt(cm t 

assi:,tallce proj(ec.ts. Thus, tle ts!k 10' (h:x hjr-
lelit a5sislanrc: agencies is to enable local 

Each actors imiut,-sts sotl be iw(ltii(l aI 
t-aro tintF:irtlo''ultransfr e1tii'O 
I 

in tIr 
)ro(ess, Ht o(ilen ial wortsi,,mut )(e ,i'owi tl:' 

they cal [w ilil,:'.111lv ti 
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http:proj(ec.ts


wiho may view them as an unprofitable use of 
land and by herders who miiv view them as an 
intrusicn on grazing iand. 

For tchilor-gius (lw l to prod(Iuce items 
i h hei en J do te sservicesse o rorl, the rk tsor c e for sale, irnnm 

usuy min 
order to antici)ate hmciehls. With reforestation 
or forest product technologies, the information 

can be obtained throuvh demonstration proj
ects, surveys, and market research. Where ed
ucation and research technologies are being 
transferred, it is necessary to determine who 
will reward the educator or researcher for 
using the new technologies, 

Seventh, the participants must be aware of 
subsequent steps in the transfer process and 
the relationship between their actions and 
those steps. This requires early definition and 
communication of roles for each person in-
volved. A well articulated strategy must be de-
vised. Of course, this strategy must be flexible, 
since it is planned at the time in the transfer 
process when least is known about how it will 
work. In particular, plans mu:t be made to dis-
serinate the technology bend the pilot 
project. 

Eighth, demonstrations of the technology 
should take place under conditions similar to 
conditions that will exist subsequently. Pilot 
projects should not be made unrealistically 
easy by being given unrealistic levels of funds 
or other inputs, being located where there are 
few socioeconomic or institutional constraints, 
or being provided with artificial markets. 

Finally, the initial commitment of resaurces 

shouldown s. 
transfer until it is sell-supporting. A transfer 
is self-supporting when the techniques have 
been adapted to local conditions and are be-
ing adopted spontaneously by organizations or 
individuals. 

Opportuniies to Imrprove 

Technology Trans'-er 


In agriculture, development assistance agen-
cies have had impressive techliology transfer 
successes. Yet, relatively little has been done 
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in the forestry sector. The need for internation
al assistance in development of forest r:sioirces 
has been reamlize only recenri 'v, but there are 

inni(nations that the level of -ichalready soime 
The assistanceassistance is lveling off (29).

agencies' major opportunities, then, lie more 
increasing the likelihood of technologymber 

of projects. 
transfer success than increasing the n, 0n 

Coordination of Development 
Assistance Agencies 

Many organizations attempt to help tropical 
nations develop forest resources, but these ef

forts are poorly coordinitod. The causes of 
tropical forest degradation are sc complex that 
no single assistance agency is likely to be0 able 
to create sufficient conditions for the forests 
to be sustained. To do that the various capa
bilities of all the development assistance agen
cies are needed. However, it is unlikely that 
these capabilities will be applied at the right 
places at the right times simply by chance. 

The need for improved coordination was 
stressed in the report of the U.S. Intera!,ency 
Task Force on Tropical Forests. In section 118 

of the Foreign Assistance Act, Congress has 
given AID a specific mandate to improve coor
dination of forestry and natural resource de
velopment assistance in tropical ntions. But 
the needed coordination does not occur be
cause of the structure, staffing, and manage
ment of development assistance bureaucracies. 
In the tropical countries, these organizations 
are generally too understaffed to man;mge their 

programs sensitively and have no incenbttives to coordinate and collaborate with others 
(42). 

In theory, long range strategies and coordina
tion should be administered by agncies of the 
tropical nations. In practice, when. funding is 
from foreign or international donor agencies, 
decisions to implement projects are often made 
without reference to a long-teran resource de
velopment strategy or to how the project com
pares with alternative investments. Because the 
availability of the donor funds usually cannot 
be separated from a specific project (41), the 
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inimediiite n('ed to) maxiiize foreign donor 
funding interferes with the longer tern 1ed 
to conodinate d(or effortS. 

One way to get around these bureaucratic 
constraint's is to establish ad hoc international 
oganizations with no orams Or policieso 

promote other than 1)(lesign of long-term stirat-
egies for technology transfer to effect sustain
at)le resource development, and 2) coordina
tion of assistance agencies' contributions to 
carrying Out those strategies. Coordinated De-
velopiient in Africa (CDA) is such an ad hoc 
organization that seems to be gaining the po-
litical influence and the technical expertise 
necessary to make this approach work. Its ef-
forts are directed to designing long-term strat-
egics. Whether the coordination necessary to 
follow such strategies will be politically feasi-
ble remains to be demonstrated. 

Hoeed for Professionals 

Anotl-.:r major constraint on successful tech-
nology transfer ismisidentification of resource
ns s mntift o1r c 
development problems. This results from a lackof'pblicpariciptiopin lannng tchn~oo
of public pamticipatio0 in planning technology 
transfers and from a too-narrow technica! ap-
proach to project planning (19). While the needfur artcipatpannig ad inerdscipinavfor pll-icipant Planning and interdisciplina,y 
technical inputs is widely recognized, it is too 
seldom realized. To a large extent this is be-
cause of the shortage of technically experi
enced personnel in development assistance 
a!,..ncies' offices in the tropical countries (42). 

Chronic understaffing means that people in 
charge must spend nea rlV all their time doing 
bureaucratic functions. Technical inputs are 
then left almost entirely to contractors. Thisineas testafaencmst mke ecisons 
means the agency staff must make decisions 
aou t teclfinica matters which they are often 

One opportunity to overcome the shortage 
of pr(;cssionals is to encourage experts who 
work or U.S. federal agencies to take tempo-
rary assignments in (levelopn'fnt assistance 
agencies (44). 'his probably cannot be done ef-

fecti veiy Without increasing sotne budoets, 
however. Supporting U.S. nationals overseas 
is moremntcxlvndexpensivetheirlsncthan supporting them dooulo irtin o
the 


mestica 1 ',ani their ahsence would disrupt the
pro'ratns of their regula r agencies. Public Law 
85-795 enables do nestic agencies to assign personnel to international development organiza
tions, but it is seldom used. 

Technoloqy Transfer Timdng and Fellowup 
'Technology transfer, especially where the 

emphasis is on building the capacity of local 
institulions to select, adapt, apply, and dissem
inate technical innovations, is a long-term proc
ess. Periods of 10 to 20 years are typically 
needed before progress can be measured in 
terms of product or income. Yet, short devel
opment project planning and funding cycles 
often mean that projects must be evaluated at 
the end of 2 to 5 years to determine whether 

funding is to continue. At this stage, a tech
nology transfer project is barely under way andshould be expected to have revealed problems 
and be experiencing setbacks. Th'lus, [lie funcan-

tiori of an evaluation should be to develop in
formation on hov.' to deal with these. However, 
Itis important function is compromised if participants in the evalu'ation fe'ar that a seemingly 
tiiatine evaluation ear th atee n 
negative evaluation will lead to premature ter-

Once a technology transfer appears to have 
become self supporting on a local level, con
tinuing technical support is often necessary.Unforeseen 
technology's diffusion, and these may be be

ns 
yond the technical capcity of the local institu

fw problems will arise during the 

tions. Regional centers (it technical expertise 
that offer continuing education to technicians, 
technology managers, and technology transfer
facilitators, and that disseminate further in

novations and inmprovements intechnologies, 
could helym) solve this )roblem. This has proven 
successful wilh r'mot!e-snw;iug te(:hnology 
transfer projects spous ired i)*develJotmnent 
assistamce ag insAiriii (7).it 

0,')
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