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Introduction 

This workshop, held on March 3 1997, was!he firsl of a series of workshops planned for !he ClA T
University of Guelph Project. These workshops will extend over!he "ex! 2 years. In addition 10 !hem 
providing an integral par! of!he developmenl of our !heories and hypo!heses, !hey present us with !he 
opportunity lO involve local stakeholders in the research process. The sueces, of!he Project depends in 
large par! on !he genuine inclusion of!he multiple perspectives ofthose living in !he agroecosystem in 
which we are applying !he framework. 

This first internal elA T workshop served Ihree main funetion,: 

(i) We presented !he eoncepts and research approach of!he Project 10 o!her elA T scientists, discussed 
our currenl and proposed research aclívilíes and invited !heir comments and recommendalions. 

(ii) Since the Project is attempting to develop an integrated conceptual framework, we wished to 
evaluate how other elA T projects in !he region may help in !hat process, and where for example 
!heir data and o!her research activities may potentially feed into and strengthen our framework. 

(iii) In accordance wi!h the logical sequence of!he Project's research process, we conducted a short 
brainstonning session during which the ClA T scientists identified what !hey perceived to be !he key 
problems and issues facing !he region and !he appropriate management goals and cortesponding 
indicators. This provided a broader context in whích to situate ongoing projects as weH as making 
explícit sorne of!he basíc assumptions !hat are driving ClA T's research agenda. 

Since !he time of the workshop, ClA T has choseo to concentrate its efforts in !he Ucayalí regían, íncrease 
project collaboration and malee the region a benchmark síte which can poteotially províde important 
insights applicable to other forest margins areas in !he tropícs. The elA T -University of Guelph Project, 
wi!h its holistic and íntegrated approach, hopes to contribute to !his end. The au!hors contributing to this 
report ¡nelude; Gílberto Gallopfn, Tamsyn Murray, Ernesto Raez-Luna, and David Walmer-Toews. 
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Presentation of (be CIAT -aDiversity of Guelpb Projed: DnelDpm,nt dIUl Application 01 GIl 

lntegrated Com:epllUll FlTIIfUfWorl: for Tropictll Agroeeos,sum R,search 
Based on Complex SysUms TMorles 

GiIberW C. Gallopín, Land Managemeut, CIA T 

Thank you for your participation in !he First Inlemal WOIbhop of the ClA TIUG project The purpose of 
!his worlcshop ís to build up, by using our collective Imowledge and díverse víewpoínts, a first
approximation conceptllalizatioo of the problematic of the Puca!lpa area in !he Peruvían Amazon, and 10 
identify major gaps in understanding and additional expertise needed, Thís area has been selected as !he 
fírst c~study of!he project The currenl worlcshop will draw mainly upon lhe ínsights coming from 
CIA T's scientists. A second workshop will be held al Pucallpa, lo insure we include !he concems and 
Imowledge of Ihe social and institutional aclors directly involved wi!h !he development of the whole 
agroecosystem. Later this year, the First Intemational Workshop of!he projeet will be held at CIA T, wi!h 
!he participation of CIA Ts scientists, representatives from !he Pucallpa stakeholders, external experts for 
Ieey areas not yet covered, and researchers on complex systems !heories. It is expected !hat !he product of 
tilat workshop will be a reasonably adequate conceptual model of!he PucaIlpa agroecosystem as a complex 
system, plus critica! insights ínlO the basic dynamica! processes, in addition 10 a set of resean:h priorities. 

Hisrory of the CIA TIUG projed 

The origins ofthe project can be traced 10 June 1994, when Dr. Davíd Walmer-Toews and myseJfmet in a 
Worlcshop 00 Agroecosystem HeaI!h held in Ottawa, We quickly discovered we had common interests, 
particularly abou! looking for new ways of addressing agroecosystem sustaíoability and heal!h. David was 
at Ihat time startiog a Canadian-wide projeet 00 Agroecosystem Heal!h, and we realized Ibat potentiaI for 
cooperation was hígh. The similarities and differences between temperate and tropical agroecosystems 
have beeo discussed at Iha! wOlbhop, and we perceived Ihe importance of including tropical 
agroecosystems in Ihe anaIysis. 

00 !he olher hand, 1 had been involved in efforts lo put together an intemational group of scientists 
working on differenl aspects oC complex systems and sharing a common interest lo explore Ihe 
implications of complex systems theories for practica! poliey- and decision-making for sustaínable 
development. David was a member of this informal group. 

While we mel in differenl <XX:aSions for worlcshops and discussions, the first opportunity for serious 
cooperation arose when we leamed about Ihe new CGlAR.cANADA Unkage Fund (CCLFl sel up by 

_CIDA. We made a proposa! for!he fund in 1996, and il was approved in !he sarne year. 

Project support and execution: 

Supported by the CIDA CGlAR-CANADA Linkage Fund and executed by CIA T and Ihe University of 
Guelph 

Project Team: 

Overall coordination: Dr. Gilberto c. Gallopín (CIA T). 

Scientifie coordinators and Principal Investigators of Ihe projee!: David Waltner-Toews (University of 
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Guelph) and Gílberto C. Gallopín (ClA T). 

Scientific Advisor: Dr. James Kay (University of Guelph) 

Senior Scientist Manuel Winograd 
Research Associate: Tamsyn Murray 
Research Associate: Erneslo Raez-Luna 
Analyst Hebert Monlegranario 

Other slaff from eIA T and !he University of Guelph particípaling contributing original data, specialized 
scientific advice, and critiques of Ihe ongoing research: 

CIAT: 

Dr. Sam Fujisaka 
Dr. Erik Veneklaas 
Dr. Peler Jones 
O!her scientisls (lO be defined) 
Scienlists working in !he selected SÍles (10 be defined by !he project) 

University aJ Guelph: 

DI. Sally Humphries 
Dr. Clarence Swanton 

Project duration: !hree years 

Project Rationale: 

The problematic social, economic, environmental and productive issues faeing agriculture and agricultural 
communities are part of a complex sel of aetivilies involving fanners, fann organizations, rural 
communities, and nalional, regional and inlernational governments and inslitutíons. 

Environmental, social, and economic impaels have repercussions nol only for individual fanners where 
!hey live, bul for a!l aclors at al! hierarchieal levels in lhe agroecosystem. 

Constrainls and opportunities occur al eaeh level in !his hierarchy; e.g., the nature and variety of markets, 
soillypes and erosiono social ,truetures and nalional polides. 

Among many researchers and development experts tbere ís an increasing sense of un-ease witb tradítíonal 
scctoral and dísciplinary approaches, and a consensus Ihat il is importan! lO take a broad view when tryíng 
lO solve agricullural problems. 

It is increasingly obvious lhal Ihe quest for sustainable agricultura! development requires: 
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• articu/atian of the lop-down approaches lO development wilh the bottom-up or grassroots 
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• Ihe simultaneous consideration of Ihe local and the global dimensions and of lhe way tbey 
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• broadening the space and time horizons lo accommodate Ihe need for intergenerational as 
well as intragenerational equity. 

The Technieal Advísory Group (T AC) of Ihe CGIAR has recognized Ihe need for a new agricultura! 
research model: "as yet, Ihere is no accepted research model which embraces Ihe physical, biological and 
human dimensions of long term (agricultural) sustainabilily, Developing such a model is a goal of truly 
intemational importance" (COlAR. 1993. "The Ecoregional Approach lO Research in lbe COlAR". Rqxxt of the TAC/Centre 
Dlrectors Working Group. CGIAR Mid-Tenn Meeting. Puerto Rico, May 1993, page g.) 

A researeh model for sustainable agriculture will certainly be more flexible and in sorne aspects at least, 
less easy lo quantify Ihan a researeh model for physics or chemistry. The CGIAR was referring lo a new. 
interdisciplinary. multi-Ievel. bolh site-specific and eontextually meaningful. systemic approach lo 
agrieultural research. as opposed to Ihe dominating "commodity model". 

A research model in Ihis sense ineludes essentially: 

• a goal (sustainable agricultural production and development). 
• a conceptual framework. 
• a set of procedures. 
• falsification eriteria. 

The development of a holistie conceptual framework for understanding and anticipating agroeeosystem 
dynamics and bebavior is an essential piece of a new research model. 

Project Objectives 

• To develop a conceptual framework for Ihe holislic understanding of agroecosystems as hierarchical 
systems. using Ihe new ideas heing derived from Complex Systems Iheories. 

• 

• 

• 

• 

To apply thís frarnework to concrete tropical agroeeosystems in order to assess its applieability and 
usefulness for guiding research on agrcecosystem sustainability, 

To perform comparative analysís of tropical and temperate agroecosysterns in terms of systerníc 
properties (on Ihe basis of ongoing research on Canadían agroecosystem at Ihe University of 
Guelph). 

Based on the research fíndings, to develop teaching material s on complex systerns approaches lO the 
sludyand sustainable care of agroecosystems. We expect Ihat these materials will be used in Lalin 
America, Canada and elsewhere. 

To train young scientists in Ihe application of coneepts and methodologies derived from cornplex 
syslems theories 10 the study and evaluation of agroecosystems. 

Relevance of Complex Systems 

The rapidly developing field of complex systems Iheories is helpíng províde new ínsights on the properties 
and hehavior of systems Ihat are characterized by a hígh degree of complexity. a complexíty thal is 
characteristic of any socío-ecological system such a, agroecosystems, Those new insights generate new 
relevant questions for research. and are heginníng to provide new answers. 

7 



Complex systems are differentiated from simple 
syslems, bul also from wha! sorne call complícated 
s)',tems. In very basic terros, the distinction betwccn 
Ihem can be stated as in Bax l. 

Complex systems are characterized by the fact that 
multiple (and irreducible) pefspectives are required 
in order to understand Ihem; lookíng al Ihem from 
onlya single perspeclive fails to provide an 
understandíng leading 10 successful resolulion of 
problems. In the case of agroecosystems, including 
soil, water, plants, animals, and people. Ihe faet that 
different social actors have differen! goals and 
perceptions is an essential feature eontributing to the 
dynamics and behavior of Ihe system. This ímplies 
that Ihe ¡nelusion of Ihose features is important not 
only in terros of democracy and as pan of Ihe search 
for govemance and technology transfer, but a1so as 
an epistemological necessity. 

Olher common property of complex systems is Iheir 
hierarchícal structure, including Ihe operation of 
different level, of organizalion defining Ihe divísion 
of the system into subsystems, of Ihose into sub-
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Box2 
TYPES OF COMPLEX SYSTEMS 

COMPLEX PASSIVE. Changes in the system 
organization are baSiCally determined by iIs 
environment. 

COMPLEX ADAPTIVE. The system ia able to changa 
its "behavlor" (changing the values 01 its variables) and 
"physiology" (moving between domaios 01 attraction) to 
survive in a changiog anvironment 

COMPLEX SELF·RENEWABLE. The system is able 
to cope with drastic changa and structural collapae by 
regenerating itseff with the same strueture. 

COMPLEX EVOLUTIONARV. The system is capable 
01 ehanging its own stfUeture leading to improvements 
in the system's pertormance in a changing 
envirooment Structural changas may be progresslve 
or punctuated; extemally or intemally driven. 

COMPLEX SELF·AWARE. The system la able to 
observe itseff and its own evolution thereby opening 
new repertoirea 01 responses and conncctions. Among 
these are empathy , imagination and perspective 01 the 
other; and the ability to modulate responses exploring 
new situations and alternativa visions without 105$ of 
idenlity. 

Box 1 
A TAXONOMV OF SYSTEMS 

SIMPLE. Can be adequalely capturad by using a 
singla perspective or description and by a standard 
(olten linear) model providing a solution !hrough 
rouline operalions; e.g. idaalizad planetary motion. 

COMPUCATED. Can be characlerlzed by a single 
perspectiva; however. jI is not satistactorily captured by 
a standard modeL Neverlheless, jI is possible to gel as 
elose as desirad to a "50Iution"; e.g .. the three body 
problem 

COMPLElC. In any complex syslem. there is no 
guaranlee 01 a unique "solution·. or indead any. There 

, are (at least) two classes 01 complexity; excepl for 
bordar/ine cases, mosl complex systems exhibit bolh: 

Eplstemological complexity; II requires a 
plurality 01 perspectives. eilher complementary 
(e.g., lighl, quanta, policy) andlor hierarchical 
(organisms. organizations, within a broadar 
syslem) 
Funclional complexily self-organizalion, 
emergent properties; e.g., Bémard cells. 

Source: 1'1lOdKled lrorn http://il'ln_ingrmJ1/compsyslindeKhtm 
._-----~ .... _--

subsystems, etc. lo complex systems, Ihis 
hierarchy conslítutes what is sometimes called a 
"holarchy", a term used lo emphasize Iha! 
subsystems are holons, wilh holístic propcrtíes by 
themselves. 

Complex systems exhibit Ihe properties of self· 
organization, thereby changing Iheir own s!rueture 
and behavior in response to either internal changes 
or changes in their envíronment, and Ihey may 
exhibit emergen! properties, nol predictable from a 
knowledge of the behavior and structure of Iheír 
components. Those and other faclors generate 
irreducible uncertaintíes about aspeCIS of Ihe 
behavior of complex syslems, uncertainties that 
mus! be deall wi!h and tha! cannot be eliminated 
by gathering more data. Obvíously, this has deep 
implications for agroecosystem management 
Complex systems may be categorized as in Box 2. 

One common characteristic of complex 8ystems ís 
that they have more Ihan one stable stale or 
conditlon to whích the system will tend 10 go. If a 
system has only one 8table state it ís called 



globally stable; in !hat case, ir!hc system is moved away !rom !hc stablc state, il will tend 10 retum lo il, no 
mattcr bow far away or in wbat dírection il bas been displaced. This means Ibat aH perturbations are 
reversible; Ibe only concern is how long will !he system take 10 go back lO its equilibrium. Only simple 
systems ean be globally stable. 

If a system has more !han one stable state (or sel of ,tates) !hen it is no longer guaranteed !hat it will come 
back to !he original stable state if displaced away from il; il might go to another stable state, depending nol 
only 00 the síze of!he perturbation but more importantly on how near!he system state is to the boundary 
separating !he "basin of attractíon" of each stable state. This can be íllustrated graplúcally for the ease of a 
systcm whose state is defined by the values of only IWO variables, x and y. A ,tale of!he system at a given 
point in time is completely defined by a poin! in !he Iwo-dimensíonal 
space (x,y). The case shown in !he 
figure represents a syslem wi!h two stable sets: one is a stable state (a 
point) and the other is a stable orbit (representing a periodic 
oscillation in !he values of x and y). Ir the state of the system is 
originally wi!hin the domain of attraetion of !he stable slate (or the 
stable orbi!) it will tend lo go lo !he corresponding state (or orbit). 
However, if the system is perturbed in sueh a way !hat íls state 
erosses !he boundary separating !he two domains of attraction, it may 
"fall" into!he other domain, and exhibit a sudden, qualitative, 
change in ils mode of behavior. The system is no! g!obally stable. 
This is !he basis of!he nolion of resilience, which refers to !he 
capaci!y of Ihe system 10 remain in its original domain of attraction 
in !he face of perturbations. It has been shown in a number of 
empirical cases and a1so through modeling, !hal many natural 
resource systems have the property of having more !han one stab!e 
state or set of states. The implications for management are very deep. 

Choice oC Pucallpa/Ucayali as case-study 

A 
y 

x 

Figure 3 

The Ucayali region of!he Peruvian Amazon has been chosen as !he tirst case-study for !he development 
and testing of!he conceplual framework beeause of the following reasons: 

l. The case is certainly complex enough to require an integrated framework. The process of development 
in Ucayali involves economic, social, ecological, agricultura!, and technologieal dimensions. 

2. A number of projeets are already going on. This ineludes CIAT's projects as well as projects developed 
. by other intemational, nalional, and local institutions. The project will benetit from the infonnalion and 
data gathered by those other projects; conversely, Ihe project eould help !he integrations of those activities. 

3. Rcsearch in lhe region is in an active state; new research and development activítíes are beíng planned. 
This means !ha! some of!he critical research questions ídentified by the project mighl be answered through 
those activities. The projecl may a1so help to set research priorities for the area. 

Pucallpa land-use model 

The goal of!he project is to develop an integrated conceptual framework including !he major factors and 
dimensions detennining !he behavior of !he agroecosystem (including both human and non-human 
clemenls). Sorne of !hese factors (such as land erosion, agricullural yields, population grow!h) are 
amenable lO quanlification, but o!her factors of no lesser importance, cannot be quantified (or are 
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trivíaJized if quantification ís forced on them). Tltís íneludes many cultural, socíal and political factors. 
Moreover, the laws or rules gíving rise to many of those factors are unknown. Still, insofar as these factors 
are considered important in detenuiníng the behavíor of the system, they mus! be ineluded in the 
conceptual frameworlc. 

For the subsels of factors that can be quantified, the use of simulation models may be very effeclive in 
developing underslanding and exploring altemative hypothesis. In a very basic sense, a simulation model is 
an articulated sel of hypolhesis under Ihe fonu of variables and relations between variables, usually 
unfolding in time. The project is developíng a dynamic mathematical simulation model of land use in the 
Pucallpa area, which is still at the exploratury stage. A f10w diagram of Ihe first cut modells shown ín 
Figure 2. Despile its prelíminary nalure, the process of building Ihe model has already helped 10 idenlify 
crilical gaps in knowledge, gaps thal musí be filled ín oroer 10 anlÍcípate Ihe future trajeclories of land use 
in Ihe region. 

TIte model is run in the M environment, a modeling and visual interface developed by the National 
lnstitute of Public Health and Environmental ProleclÍon (RNM) of the Netherlands. M is available freely 
lO elATas a consequence of prevíou, cooperation agreernents, and it runs under Unix and under Windows 
95 and NT. A sample output of Ihe model appears in Figure 3. 

Connection to the Resilience Network 

The Pucallpa case study is also linked lO 3D intematíonal research project called the Resilience Network, a 
joint innovalÍve research project by the Beijer Intematíonal Institute for Ecologícal Econonllcs and Ihe 
University of Florida, through my participation as a member of the Networlc. TIte Pucallpa case has been 
accepted as a case study of the Resílience Network; this will add new dimensions to the project. 
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A~osystem Health: a Canadían experience in understanding 
complexity in agricultural sustainability 

David Waltner-Toews, 
Department of Population Medicine, 

University of Guelph 

In 1993, a group of researchers at Ihe University of Guelph receíved $1.35 millíon (CDN) from the 
EcoResearch Program of (he Tri-Councíl, an ad hoc research council comprising the Medical, Socíal 
Sciences and Humaníties, and Natural Sciences and Engineering Research Councíls of Canada. Over the 
course of three years, Ihe research tcam íneluded some 23 researchers from a dozen disciplines covering 
Ihe ful! range from qualitative sociology to economics and health seiences 10 various natural scienees. The 
team a1so ineluded nine posl-doctoral research a~socíates, 18 gl"dduate studenls. eighl assistants and four 
staff. 

For me. as a Principal Investigator. Ihis research grew oul of an íncreasíng sen se that environmental, socio
economic and public health policies and rnanagement decisíons in agriculture are ofien developed and 
implemented as if Ihey applied to independent, parallel uníverses. While managemenl and polítical poliey 
decision-makers were sometimes forced 10 integrate these dimensions andIor to articulare trade-offs, 
uníversity discipline-based research bas done líttle to provide a basis for integrated action. 

The goal of Ihe Agroecosystem Heallh (AESH) Projec! was to develop a framework for evaluating and 
improving Ihe health of (Canadian) agroecosystems. Nevertheless, as a PI, my interesl was much broader; 
indeed, it seems lo me Ihat Ihe need for Ihis research was even greater Ihrougbout the tropics Ihan wilhin 
Canada. For Ihis reason, 1 have soughl partners in variou, developing counmes 10 build on the Canadian 
work and extend it bolh intellectually and practically - including Ihis CIAT -Guelph project. In this 
presentation, 1 do nOl intend 10 pUl forward any of the many detailed sludies that were done within the 
umbrella of!he larger AESH project. It seems to me, however, Ihat il is useful lO ask what we leamed in 
!he las¡ three years Ihat can help us in Ihe curren! research into tropical agroecosystems. 

The objectives of ¡he AESH projecl seem simple enough. They were 

1) To develop generic classes of indicators which can be used to characterize the heallh of agroecosystems. 

2) To understand!he dynamic relationships of AESH indicalors over space and time a) among dimensions 
(biophysical, socío-economic and community heallh) and b) in response to external stressors, partieularly 
policy. 

Our proposed research strategy was to combine an ecosystems approach wi!h an evaluative framework. 
This ,eemed, al Ihe time, to be a relatively straighlforward and simple approach. Before delving into what 
Ihal meanl in practíce, it is worth identifying some a~sumplions Ihal we made whieh, al !he time we started, 
were not well articulated or understood. 

These were !hal: 

1) a single systems description of agriculturallandscapes and aetivities is possible; 
2) measurable indicators of system status ean be identified; and 
3) professional investigative expertise is probably suffieien! lo address the issues. 
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The first and !hird of !hese assumptions are mosl surely false, Tbe second is only partly true, 

The ecosystem approach to solving complex problems involves consideration of the following, whicb !list 
in no special order: 

1) Ecosystems (particularly agroecosystems) inelude people, and !hus bave socío-culturai and economic as 
well as biophysical dirnensions to !hem. 

2) Ecosystems can be viewed as nesled híerarchies which self-organize around attractors (such nested 
hierarcbies are tenned holarchies, wi!h each "self-contained unil" wi!hin the hierarchy being a holon). 

3) General pattems of ecosyslem behaviour can be discemed, bul exact causal pa!hways are ofien uncertaín 
and may resist analysís. 

Two problemalic i,sues immediately become apparent. 

Issue #1 (see Table 1). Agriculturai activities can be seen lo be nesled in al least two different ways - a 
social hierarchy from individuals lo families and on up to a global society, and an ecological hierarchy, 
starting al fields or plols and on up !hrough farros and watersheds lo the biosphere. One could spent a 
Iífelime tryíng lO find ways lo merge these hierarchíes. In fae!, for practical purpose, no such exacl mergíng 
is requíred. 11 ís possíble to !hink of layers tha! more or less overlap, particularly at !he farml famí1y level, 
and the ecodístrict or sub-watershed level and the communíty (Table 2). 

¡ssue #2 (Table 2), Gíven sorne kind oC workable merging of holarchies, we are stil11efi with!he problem 
of multiple perspectíves. A minírnum set would ¡nelude one Ihat ís grounded in ecology and one !hat ís 
grounded in human socíety, bUI Ihe possibilíties are almost endless. Our project began wí!h a set of three 
perspecti ves, one primarily economic, one primarily environmental, and one primarily rooled in 
cornmunity heallh. Two Ihíngs become apparent from thís: 

1) we are back lO our independent parallel uní verses and 
2) we can begin lo create al least conceptual models of!he systems we are talking abau!. 

Allhough we did not come up with any fully íntegraled conceptual models at !his stage, it was possíble lO 
use some models heuristically across perspectives. Thus Holling's figure eighl (Figure 1) (Hollíng 1986) 
can be víewed at various scales. It is in facl Ihe kind of model farroers use: they enter certain kinds of 
ínfonnation (desírable seeds anó genetic information) and suppress other kinds (pests anó weeds); they 
harvest the produce that accumulates during whal in a natural system would be called succession; and then 

.re-organíze theír farro activities around new seIs of ínfonnation. One can see Ihis a1so in economic terms, 
anó use ít as a basis both for genetic biodiversity (lo keep open the options for futore development), 
economíc óiversíty (to keep open market options, etc) and social díversíty (to keep open a range of ideas! 
optíonsl ways of doing things, that will alto-.:/ the farro or community to adap! 10 changing times. DrawiIlg 
analogies across perspectives is interesting and useful, but ít docs no! address !he fundamental problem of 
a socio-economíc system being viewed as separate from ¡he ecological sys!em. This is still not the "real 
world" where these are c10sely interconnected. Nevertheless, íl ís a begínníng, and several researchers on 
¡he Project developed other heuristically useful models. 

Having described Ihe syslem in one or more ways, we were stillleft with Ihe problem of evaluatíon. !t's al! 
very well tO describe the state of a system, bUI lo make decisions regarding managemenl, we need to have 
some way lO judge whelher things are gettíng better or worse. Thí, evaluation, it tums out, cannOI be done 
wíthoul referring to goals. 
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Figure 2 displays a cube, in which we now have scale accounted for, and dimension, but lO which we have 
now added a third dimension which we called health. Heallh is al one and the same lime a simple coneept 
for whích most people have some intuilive sense, and a difficult concept which canDot be defined in any 
exaet way. For a1l practical purposes, ít come down lo somelbing we might call integrity or structure, 
which make a thing recognizable something (an animal vs a ruad-kili for instanee) and somelbing ca1led 
effectiveness, which refers lo what we want the syslem lo do. 

Among the many conlroversies which Ihis raises is Ihe question of who the "we" is in "what we wanl the 
system lO do". Scientists have nol developed a good language, nor widely accepled research 
melbodologies, with which lo study systems with people inside them. For one thing, normal scienee 
assumes Ihal anyone should be able 10 replicale an experiment; if people are inside, Ihen we musl exclude 
Ihem, sinee in experirnentíng on themselves, Ibey will change Ihe dynamics of lhe system. Thus, a 
fundamental tenel of seience is violaled. In the second place, we general assume Ibat natural systems 
evolve over lime through a combination of coded hislorical information (DNA, culture) and changing 
environmenls. People, however, also respond 10 perceived possible fUlures, and will change Iheir 
behaviour, and Ihe physical and socio-economíc dimensions of the system in which Ihey live, in response 
to an environment which docs nol yel exisl, and may never exis!. For Ibis reason, 1 once suggesled that the 
way lo sustainable agriculture mighl more líkely líe through belter poetry than through better tractors. How 
do we get around this? 

FunlOwicz and Ravett. (\994) have proposed Ibat, in addition 10 basic science, which is a narrowly 
focused, self -directed aclivily 10 discover the "truth" abou! nature, we can ta1k about applied seience and 
professíonal consultancies, where suecess is deterrnined nol jusI by scien!ific peers who replicaled your 
experirnents, but by clients who judge whether or no! you have solved their problems. They have no 
particular interesl in complex syslems. They may wanllo know íftheir liveslock will survive. Furthermore, 
when we move inlo lhe realm of such things as environrnental and public health and agricultural poliey and 
management, we are faced with multiple perspectives, multíple compeling goals, and mulliple 
stakeholders. The scíence necessary to deal wilh Ihis complex, uneertaín situation has becn called poSI 
normal, ínteraclive or second order science (Figure 3). 

Normal science, as described by Thomas Kuhn in bis book The Structure of Scientific Revolutions, 
involves puzzle solving based on an unquestioned sel of assumptions, which he ealled a paradigm. Proof in 
normal science is by formal deduction and values are unspoken. Furtherrnore, each discipline may have ils 
own paradigm, which requires scientific specialists lo truncate their view of the world so that, for instance, 
soil physieists can only ,ay lhings about soi! ,trueture, microbiologists .tudy microbes, and economists 
studyeconomic aclivities. We are here in the world of multiple parallel universes. 

Post normal seience, on the olher hand, involves the resolulion of problematic silualions based on 
"communicalÍve rationality" a term used by the philosopher Habermas, who described three kinds of 
rationality: instrumental ralionality was used by normal seience with the idea that we wish lo control nature 
through technology; s!rategic ralíonalíty has beeo used to describe evolutionary biology and economic 
activities, where winning ís the aim of the game; and communicative ralionality, in which negotiation, 
consensus-building and complex problem solving are the goals. 

Ellen Wall, a posl doctoral rescarcher, worked with me on considering how one might talk about 
communily health issucs using a post normal approach (Waltner-Tocws & Wall 1997). The central 
queslion we carne up with, it !Urns out, can be used for many kinds of complex evaluation issues relaled lo 
sustainabililY, includíng health, environmental and agricullure, The queslion is: Are the qualíty and 
quantily of intemal and external resources suffidenl, and is theír organization appropriate, for Ihe system 
to mee! il. goal,? 
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What is quickly apparent is that, in order to answef the question, we not only need to define and measure 
resources and their organization - activities which can be carried out by normal scientísts - bu! that this is 
done in relatíon to agreed-upon, scale dependent goals. In this setting, partícipatory research methods 
become central for goal definitíon, and scíentific activity is in relation lo those goals. This ís a reversal of 
what we have come 10 expec! in the applied scíentists, where the experts most ofien define the goals. 
These goals, whích are another way of talking about effectiveness, can be thought of in more specific tenns 
as efficiency, adaptability, equity, aesthetics and the Hke. Sorne of these goals are in cornpetition with each 
other (eg efficiency & adaptability), a situation which is resolved througb negotiation between both 
internal and external stakeholders at various scales. Post normal scíence, then, puts cororounication and 
negolialion allhe centre of a process which ineludes the besl scíentific and índígenous knowledge 
availahle. In a sense, politics becontes polílical scíence, and open lO the same scrutiny, evaluation and pecr
revlew as another scientific activily. 

Sorne lessons Learned froro tbe AESH Project 

There is a clear need fOf considerahly more transdisciplinary research into the interactíons among 
environmental change, agricultutal practice, economic policies and public health. Such research should 
inelude both empirical, community-based sludies and further development of the theoretical and scholarly 
framework for such ínvestigations. Based on the work of the past three years, the Project concludes ¡he 
following: 

1) The combination of agroeeosyslems approaches for describing the complex realíty of agriculture with 
the evaluative concepts provided by health was demonstraled to be useful both in terms of stimulating 
innovative and importan! transdisciplinary research questions and for formulating the pursuít of knowledge 
and ílS outcomes in ways that are useful for decisíon-makers at a1llevels. 

2) Gíven a view of reality which ineludes nested hierarcmes and mulliple perspectives, ít is unlikely that 
any single model will capture a fuil description of agroecosyslems, and that an openness to rnullíple 
systems, each created for different purposes, is necessary, al leasl al this early slage in the research, and 
pemaps, on first principies, for the foreseeable future. 

3) While genetal attributes of health can be elucidated such as integrity and effectiveness, or resí lience and 
capacily for renewal, the indicators required to measure them may be context-specific, and some of them 
can anly be determined in consultation wilh stakeholders in the syslem. 

4) The i,&ues of scale, bom spatial and temporal. are fundamental !O any consideration of agroecosystem 
health. Any definitian of an agroecosystem, beyond Ihe mosl general theoretical one, requires specification 

·of spatial scale and extent. The Project recommends thal agroecosystems be studied al scales from Ihe 
ficld plot lO large regional ecozones, as well as globally, while recognizing the nested hierarchieai struclure 
implícit in such scaJe definilions. lt is necessary lo assess ¡he consíslency (or otherwise) in health 
evaluatíons from one scale to anolher, not jusI simply declare thal any piece of work on agroecasyslem 
health applies only lo the spatial scale al which it was undertaken. 

5) While much ofthe analysis has patentíal application for paliey developrnent and implernentation, 
researchers are stiH far from having a sufficíent seholarl)' basis for recommending poliey initiatives relative 
10 agroecosystem health. rndeed, it is likely that many policies need to be developed in Ihe contexl of 
inleractive research with stakeholders, and ma)' be only partíally amenable to external, expert-driven 
evalualions and prescriptions. Thal ¡s, resolutions lo agroeeosystem health problems need to be negotialed, 
nol prescribed. This would be in keeping with the health approach, where ínternaUy-derived values are 
combined wíth external measuremenlS 10 arrive at decisions for managentenl. In the shorter term, a 
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practical course of action might be to assess potential poJícy initiatives, including the deregulation 
underway in response to deficit concems and trade agreements, against sorne of Ihe more robust 
indicators of agroecosystem health developed in the Project. 

New approaches to understanding the world can be understood as going through a general cyc1e, from 
concrete experience to new ideas and hypotheses, to new conceptual maps, and finally, lo Ihe generatíon 
of new solutions. For the pasl several years, there has beco considerable effon expended on generatíng 
new ideas and concepts. For many of us, these concepts and even the models derived from them are 
insufficiently tested; wnat do they mean for decision-making? How do they contribule lO making a more 
congeníal, sustainable world - not just to undersland its difficulties? Whal is required is not only Ihe 
synthesis of the natural and social sciences and the humanities, bul a synlhesis of action rescaren with 
more conventional expert-dominated rescarch. 

In keeping with this move from theory lo praxis, I have expended considerable effor! over Ihe past 
several months building on the work in Canada to create a global network of community-based 
ecosys!em nealth projects. The purposc of this network would be to expand the practice and theory 
necessary for creating and sustaining liveable human communities on earth. To date, actívities in this 
arca llave lead 10 the following: 

Sites 

Pucallpa., Peru 
Kiambu Distríct, Kenya 
Katbmandu, Nepal 

Parlners with U of Guelph 

CIAT 
U ofNairobí 
National Zoonoses and Food Hygiene 
Research Centre 

The CIA T project has CIDA funding and we are seeking additional funds from other sources. The Kenya 
project has been funded by IDRC. IDRC has also funded the preparatoryl pilot studies for the Nepal 
project. üther projects are also being explored in Uganda (a community with an AIDS-socio-ecological 
breakdown mess); Tanzania (a community with the highest rate ofplague in the world as the result ofa 
combination of íntematíonal agricultural markets and local socío-ecologícal changes); Ontarío (a 
community with parasitic water contamination); and perhaps soulhem Africa (in partnership with 
universities in S. Afriea and Sweden. Ullimately, 1 would like to see representatives of these 
communities leam from caeh other, facilitated by system scientists bul nol dictated to by Ihem. 
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Table 1: Issue 1: Scale: Temporal and Spatial Cross-level Effects 

Social and Ecosystem HierarchiesIHolarchies 

Individual Field 

Family Farm 

Community L.R.A (Land Resource Afea) 

State Watershed 

Nation Ecoregion 

Intemational Organization Ecozone 

United Nations Biosphere 

Table 2: Issue 2: Pespective : The Problem of "Para\lel Worlds" 

Ma1rix for GoaIs and Indieators 

Scale 

Fieldllndividual 

FarmlFamily 

Ecodíslrict/Cornmunity 

WatershedlState 

RegionlNation 

Ecozonellnternational 

.Biosphere/Uníted Nations 

Biophysical Social Economic 
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Heuristic models - synthesis by analogy - scale issue 

At each scale (farm region) the consequences 
of collapse increase in magnitude and the risk 
of collapse increases as dependen ce on single sources 
of information (genetic, social, economic) increases 

· r - strategy 
· Pionner 
· Opportunist 

Planting, births 01 young 

1. EXPLOTATION 

WEAK 

• Fire 

• Storm 

• Pest 
"Harvesf' 

3. RELEASE 

CONNECTEDNESS --------.1 ... STRONG 

Figure 1. Externalized sources of Information (Iess sustainable) 
vs. Internalized (more sustainable). 

Source: C.S. Hoiling, 1992. 
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Figure 3: Issue #3 Whose ecosystem is this anyway? - Knowledge, Power and Expertise 

high 

Decision 
Stakes 

low 

Conflicting 
Purposes 

Basic Science .. 

low 

Policy Realm 

Applied 
Science 

Post-nonna! 

Professional 
Consultancy 

Science 

Second Order 
Science 

Multidimensional 

EpistemologicallEthical 

Systems Uncertainties -----11"'" high 

Source: Funtowicz and Ravetz (1994) 



References 

Funtowicz, S. & Ravetz, 1. (1994) Emergent complex systems. Futures 26(6), 568-582. 

Waltner-Toews, D. & Wall, E. (1997) Emergent perplexity: In search of post-normal questions for 
agroecosystem health. Social Science and Medicine (in press). 

Holling, C.S. (1986) The resilience ofterrestrial ecosystems: local surprise and global change.ln 
Sustainable Deve/opment ofthe Biosphere, eds. ChUK, W. and Mann. R.E. Oxford Universíty Press. 
tondon. 292- 320 pp. 

21 



The Research Process 

Tamsyn Murray, Land Management, CIAT 

The primary goal of this project is to develop a framework that can guide agricultural research. Therefore 
we not only wish to provide new concepts and forms of analysis to better understand agroecosystems, but 
also develop a research process, a method, that will outline for future researchers the necessary steps to be 
taken to achieve a more complete understanding of the system. Figure I represents the first draft of such a 
proposed research method. We have identified a series a steps tbrough which both researchers and 
stakeholders progress. Although there is a particular sequence to tbe process, the whole process is 
iterative. As new information is discovered past stages are revisited and modified. The differing roles and 
responsibilities of the scientists and stakeholders must be explicit. 

Despite the fact tbat the project draws primarily on complex systems theory, there are a number of other 
approaches, ones that emphasize non-linearity, multiple steady states, hierarchy, and emergence, tbat have 
influenced tbe conceptual basis of the Project. They inelude: the ecosystem approach (Kay 1994; 
Slocombe 1993; Allen el al. 1993a); soft-systems metbodology (Checkland 1981; 1990); adaptive 
environmental assessment (Holling 1978; Walters 1986); hierarchy tbeory (Allen el al. 1984; 1993b); 
post-normal science (Funtowicz & Ravetz 1994) and ecosystemlagroecosystem health (Rapport 1989; 
Costanza el al. 1992; Waltner-Toews & Wall 1997; Waltner-Toews & Nielsen 1995; Gallopín 1995). 

The following section ineludes brief descriptions of tbe different steps identified: 

Scaling 

There are two parts to this process. First the system of interest is defined and delimited, as not all aspects 
ofthe system can be ineluded. The boundaries both in time and space are identified, ie. what is the extent 
of the system and over what time period are we concemed. In addition we need to identify what type of 
system it is, ego agricultural, fisheries, or forestry system. This defines our perspective, elarifies what is of 
interest to the observer (trees, food, income). Second, the system is situated witbin a nested hierarchy and 
the key contextual relationships with higher and lower systems in this hierarchy are identified. In scaling 
we are able to begin to highlight the cross-scale interactions and the level at which important emergent 
properties become evident. 

Historical Reconstruction 

In order to discover the dynamics of the system, repeating pattems, critical processes and cause-effect 
relationships, the history of the system needs to be reconstructed. In this project we separated key 
developments into ecological, economic, demographic, political and cultural dimensions. In addition we 
focused on changes in the pattem of organization ie. the configuration of relationships among the system's 
components that determines the system's essential characteristics, changes in structure and process. 

Problem(s) Analysis 

During this step the critical management goal s and objectives are identified. This helps to highlight the key 
issues or problems that are of interest to the stakeholders. Once the objectives are defined, the indicators 
that allow one to assess the performance of such objectives are identified. 

Subsystem Models 
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Problem(s) analysís leads naturaily on to the description of various subsystems models that detail Ihe 
dífferent system variables on ínterest. Focussing on subsyslems allows simplification of different processes 
across time and space, and allows one to clarify Ihe key interactions and influences in the system. 

Re·Eumination or Ibe System 

At this step complex systems theories are applied. The application of complex systems theories should 
províde us with a dífferent understanding of system hehaviour. The following figures show in one way 
how CST provides an alternate ínterpretation. Figure 2 shows how an ecosyslem develops along a 
thermodynamic branch, a path in its state space, until it reaches an optimum operating poin!. Al this point 
Ihe disorganízíng forces in the external environment and the organizing thermodynamic forces are 
balanced. Thís point is temporary as the exlernal environmenl is constantly changing. Figure 3 shows 
what may happen when there is a perturbation in the environment. For example an ecosyslem subject to 
stress will shift to a lower optimium operating point. Maple forests subjecIed to acid rain are seen to shift 
lo a stale of lower productivily and lower biomass. However in this case if the external environmcntal 
conditíons retorn to their previous state, so will the optimum operating point shift hack. In Figure 4 the 
system is perturbed to the point where it follows a new thermodynamic path. In this case sorne new 
structures are added and sorne disappear. New pathways foc energy flow may connec! new components, 
however the ecosystem's organization will not be very differenl from the original. Such a change was 
observed in a marsh gut ecosystem in Florida that had heen stressed by warm waler affIuent. This resulled 
in an increase in the temperarure of the water and the loss of two top predators, two lower predators, Ihe 
addition of Ihree lower predators and herbívore species. There was also a change in the foodweb in terms 
of cycling and trophic positions. In Figure 5 the syslem moves 10 a different thermodynamic branch. In 
this case the syslem is so reorganized that il is c\early recognized as being different from the original 
system. Even if the original external conditions retum Ihe system has no possíbilíty of relUming to íts 
original optimum operating point A classic example of this ís when savannah ecosyslems are irreversibly 
changed into woody vegetation througb overgrazing. 

Thus we may look at the agroecosystems in Ucayalí in ligbt of these differenl stable states that at certain 
points ate stressed and altered eilher reversibly or irreversibly. What is key ís the condítions or 
characteristícs of the system that allow ít to recaver or instead flip ioto a different and more degraded 
sIeady state. 

In the ínitial examination of the case study sile, Pucallpa, íl was hypothesiwd Ihat there may exist the 
condition in which certain degraded pastures do not renew themselves and do nol retum to secondary 
growth. Rather Ihey stay in a permanently degraded condition, one that requires intervention, ie. inputs or 

. mechanized cultivation, to move it from this sIeady stale. Complex system theory may he able to provide 
insighl ioto Ihis process wllereby the system bifurcates or flips inlo a different state. We can begin by 
looking at the conditions that result in this dífferent state, identify triggers and see whelher we can monitor 
them. Such conditions and triggers may inelude bolh ecological and socio-economic factors. The 
possible determinants may be grazing (timing and intensity are key) whích in tum causes compaction, 
reduced infiltration rates and weed invasíon. There may be a break in critica! cycles Iha! reduce the 
availability of nutrients or a decline in Ihe availability of sources of renewal, such as seeds or dispersors. 

Another important aspect ofCST is understanding Ihe "human activity system", providing insíght ínto the 
eore purpose of human activities in Ihe system. Checkland (1981) outlines a melhodology thal attempts lo 
encapsulare the fundamental natore of the human goal, and intentions. II exposes the viewpoint and 
rationale of Ihose defining and addressing Ihe perceived problems. Checkland describes six roo! 
definitions (CA TWOE) that allow us to understand that rationale. They inelude "C" - dient of the system 
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and analysis, for whom me system works; "A" - actors in the system, Ihose who do "T"; "T" - the 
transformation process, me measured change in state, conversion of input lO OUlpUI; "W" -
weltanschauung, world view Ihal make "T" meaningful; "O" owners, mose who can SIOP "T"; and "E" -
¡he environment. Table 3 gives an example of how this approach could be applied to the different human 
activity systems wilh ¡be Ueayali region. Once all me root definítions are deseribed, we have a better 
understanding of me power structures and relations as well as the socio-political context of tbe system. 
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Table 3: Soft Systems Description of Ihe Human Actívity System 

Type of System Cattle/ Forestl Fisheries 
Pasture Agroforestry 

tlC I1 farmers forestry companies fishermen 
Clients 

!lA" farmers foresters fishermen 
Actors cattle fish 

"TU Transformation degraded to harvestíng wood harvestíng fiso 
Process ímproved land 

"W" Weltanschuuang cattle províde trees províde íncome fish provide food 
¡ncome 

"0" government government government 
Owners 

!lE" c1eared land and prímary growtlt aquatic ecosystem -
Environment surrounding Ucayali watershed 

secondary growth 

Comparisons 

These interpretations, both the subsystem models and tite CST applications, are brought into the real world 
and sel against!he perceptions of what exists tltere. This could be done eitlter in eollaboration wi!h 
stakeholders or witlt otlter tools sueh as GIS and remote sensing. The purpose of tite comparíson is in par! 
to generate a debate wilh concemed people in tite region which will later aid in defining possible changes 
which are both desirable and feasible. 

Cbange, Action and Monitoring 

These later steps are driven prímaríly by lhe stakeholders. Onee !hey are complete tite problems and 
crítical i,sues need to be reassessed. 

If one wished to think of !hese steps in terms of researcher- community interaction, we míght suggest that 
the scaling and historícal reconstruction is best done by CIA T researchers alone; problem analysis and 
subsystem models by CIA T researchers in consultation with stakeholder groups; re-cxamination using 
complex systems theory is done mainly by scíentists, the comparíson of developed models with reality and 
previous models is done by both scientists and stakeholders, whereas the last few stages, from identifying 
possible changes, instituting and then monitoring them are mainly stakeholder driven, with facilitation and 
advice from seient;sts. 

An equally importan! outcome of this process relates lo Ihe ability oC the crealed or modified stakeholder 
institutions lo susrain the process in addressing new problems. Participation in tltís process should be more 
Ihan a "one-lime" thing. We wish lo create institutions in which people can, and do. eontínue to participale 
in solving tlteir own problems long after the researchers are gane. This is tite ultimate sign of suecess. 
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Finally, we empbasize Ibat Ibis process can be used to address many types of problems; il is bolb iterative 
and multi·faceted. There is no clear endpoint because agricultura! sustaínability, in an ever-changing global 
situation, involves nol just environmental conservatioo and ecooomíc viabilíty, but the creation of 
agricultural ínstitutions and managerneol practices which are responsive, adaptable, and can "learn" as they 
go. 
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Figure l:Different Stages in the Research Process 

.. 
Scaling Monitoring .. Action .. • índícators Change • cross-scale íntcractions 

• spatial and temporal boundaries 
• dcsírablc • nesled hierarchy 
• feasible • physícal >ystem 

• perspectives and Proeesses 
• emer ence 

t 
Re-examination ofthe System 

Historical Reconstructíon 

Comparison 
1. Complex Systems Theory 

• key ecological. cconomic, (physical system) 
demographic & social changes • ecosystem development 
• key changcs in structure, • compare complex system .. • attractors 
pattem of organization and interpretation with reality 

• multiple states dynamics 
• fasí, medium and slow • resílíence 
variables • sources of renewal 

t Il. Soft Systems Methodology 
(human actívity system) 

Problem(s)/lssue(s) Analysís 

/ 
• root definítíons 

• critical issues 
Subsystem Models • social actors/stakeholders 

• management goals & objectives • relatíonshíps/power structures 
• indicatives .. • system variables • decision-makers 
• managemcnt actions • dynamic models 
• system variables • disciplinary 



Figure 2 

State 
Variable 

(Eg. Net 
Productivity) 

State 
Variable 

28 

Figure 3 

Thermodynarnic 
Branch 

'-. 

Thermodynamic j branch 

Optitnum 
operating point 

(Eg. Clímax succession) 

Eg. Process of ecological succession 

State Variable 
(Eg. Biomass) 

1 

..... __ Optimum operating 

\ point 

Earlier slage of 
development 

State Variable 

Adapted from James Kay (1994) 



Figure 4 

State 
Variable 

FigureS 

State 
Variable 

Optimum Operating 
Points 

1 

Bifurcation Point 

State Variable 

/ Optimum Operating 
4 y Points ~ 

Permanently ~ 1 

3 

degraded pastures Eg. Primary Forest 

Eg. Secondary Forest 

Catastrophe 
Threshold 

State Variable 

Adapted from James Kay (1994) 

29 



References 

AlIen, T.F., Bandurski, B.L., King, A.W. (l993a). The EcosystemApproach: Theoryand Ec%gical 

In/egrity. Report to the Great Lakes Science Advisory Board 

AlIen, T.F., King, A.W., Milne, B., Johnson, A., Tumer, S. (1993b) The Problem of Scaling. 

Evolutionary Trend~ in Plants 7(1): 3-8. 

Allen, T.F., O'NeilI, R.V., Hoekstra, T.W. (1984) Interlevel relation8 in ecological research ami 

management. Some working principies from hierarchy theory. USDA Forest Service Geneml 

Technical Report RM-IIO. Rocky Mountain Forest and Range Experíment Station, Fort 

Collins. CO, 11 pp. 

Checkland, P. (1981) Systems Thinldng, Systems Practice. JOM Wiley & Sons Ltd. Chichester, 

33Opp. 

Checkland, P. (1990) Soft Systems Methodology in Action. Wiley, Chichester, 329 pp. 

Costanza, R., Funtowicz, S. , Ravetz, J. (1992) Assessing and communicating data quality in policy

relevant research. Environmental Management 16(1), 121-131. 

Funtowicz, S. & Ravetz, J. (J 994) Emergent complex systems. Futures16(6), 568-582. 

Gallopín, G.e. (l995). The potential of agroecosystem health as a guidíng concept for agrícultuml 

research. Ecosystem Health 1(3) pp.129-140. 

Holling, e.s (1978) Adaptive Environmental Assessment and Management. John Wiley & Sons Ltd., 

ehichester, 337 pp. 

Kay, J.1. (1994) The Ecosystem Approach. Ecosystems as Complex Systems. University of Waterloo, 

Waterloo. 

Rapport, D.J. (1989) What constitutes ecosystem health. Perspectives in Biology ami Medicine 

33(11),121-132. 

Slocombe, D.S. (1993) Environmental planning, ecosystem science and ecosystem approaches for 

integmting environment and development. Environmental Management 17(3), pp 289-303. 

30 



Walters, C. (1986) Adaptive Management 01 Renewable Resources. MacMillan Publishing Company, 

New York, 374 pp. 

Waltner-Toews, D. & Wall, E. (1997) Emergent perplexity: In search ofpost-normal questions for 

agroecosystem health. Social Science ami Medicine (in press). 

Waltner-Toews, D. & Nielsen, O. (l995) Assessing agroecosystem heafth. Discussion Paper # 23, 

Agroecosystem Health project, University of Guelph. 

3\ 



32 

AN OVERVIEW OF THE 
PUCALLPA-UCAYALI REGION, 

PERU 
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This section provides a summary 
introduction to the project's case 
study site. Basic descriptive data 

related to sustainability and 
agriculture in Pucallpa-Ucayali are 

presented here in the form of a 
slide show. 



PLAN OF THE OVERVIEW 

eContext 
e Description 
eSocial Actors 
eR&D Background 
eSurnrnary Diagnostics 

- ------ ------ ----~-+- ----~ .----- -"--~ 1 

The following slides offer a 
geographic CONTEXT for 

the study site. 

i 

33 

, , 
, ' 



34 

r-~-~ 

I 

Source: Mageltan Geographix 

Perú 

Peruvian Amazonia 



I 

I 

I e _ 

i 

--""---""-

The Ucayali Region 

102,410.55 sq. Km 
366,9121nhabilants 

Ucayali Region 

-------- -- ---- --- ---'-.'- - ---------; 

The 101l0wing slides offer an 
ecological and economic 

DESCRIPTION 01 the study 
site. 

l ___ "~ ___________ """ _____ " ______ " 
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Natural Landscape 

• Lowland neotropical rainforest 
~ Meandering rivers, oxbow lakes, swamps. 
~ Floodplains: Along Ucayali river and tributaries. 

Entisols. 
~ "Restingas" (occasionally flooded terrain). 

Mixed soils, entisols. 
~ Upland terraces: Most of the study area. 

Ultisols. 

! 
Soun::e: Veneklaas 1997. 

L ____ ~ ___ . _____ ~ ~ __ .. _~~~ ___ .... __ 
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Pucallpa-Ucayali elimate 
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Biodiversity 

• Not assessed. Thought to be very high: 
.. Perú contains 23% of the known Neotropical plant 

diversity (9% worldwide), concentrated in the 
Amazon lowlands. 

.. Perú contains 44% of the known Neotropical bird 
diversity (18% worldwide). 

.. The study area lies nearby three claimed Pleistocene 
refuges. 

• E and S of Pucallpa considered of highest conservatioD 
priorilY based on species richness and endemism (el 
1991) 

Summary History of Ucayali 

• Sioce - 5 QOO yep: Amazonian cuRures. Hunting-gathering and low-interlSíIy shifting 
agriculture. Occasional contacts wittl Andean eíVilizatiOns and Spanish conquero/S. 

• lAA1l!;, - 19309: Rubber boom. FoundatiOn 01 Pucallpa (1888). 

• 1JMOS.: Road Uma-Pucallpa (1943). SPQntanaous colonization /rom !he híghlands. 

• 1.9501: Timber extraction stimulates: colonist encroa.chment Improvement 01 road to 
Lima. Major coloni2atiOn waves by lhe end 01 tha pariod. 

• 196Qs· 1970s: Agro-silvan economy develops Subsidy /rom nature. Catlle numbers 
increase. 
lo 1965 ~ 1975: Peruvian Amazon: Fur and liYe animallrade. 

1970 - 1972: Paru: NaIionalíst mílilary govemmant ..... distributos land. 

• lllflOs.: Coca boom. NaliOn-level eoonomíc crisis (hyparínflation) and lerronSl guerrillas. 
Generalizad abandOnment 01 lands (ca!tIe numbers decrease). 

• liSOs: Control 01 economic CrisIS and terrorism. land re-privstization. Declines in coca 
productiOn (1). ReclamaliOn of abendOned Iarms (?) 

'._ .... _ .. _._~ 
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Ucayali: Demography 

I--····_-~-

Ucayali: Demography 
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Ucayali: Contríbutíon to GNP 

(1979 Constan! Prices) 
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Ucayali Economy: Importance of Timber 

Contribution to 1982's Sectorial GOPs 

Extractjon 
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SOCIAL ACTORS 

• Govemment 
• Central (Uma-based top poIicy makers and technical stafI) 
• Regional (centrally-elected bureaucrats and technlcal stafI) 
• Municipal (democtatically .... lected public ofIk:ers) 

• Cltlzenship 
• TImber: extractors (smallllarge), industrials. middlemen; CNF 
• Agricuttural producers (inel. coca producers) 
• Merchants 
• Artlsanal fishermen 
• Drug dealers 
• Urban dwellers (locI. displaced population in Pucallpa shantytowns) 

• Civil organl2:ations 
• NGOs and grassroots organl2:atlons 
• Educa!ion and research organizalions (University, research instltutlons) 
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R&D IN PUCALLPA-UCAYALI 

• NARs 

el nstitutions 
eAvailable Technology 
e Traditional Approach to R&D 

R&D Institutions in Ucayali 

.. IVITA: CattIe production (since ~ 1983, small producers) 

.. INIA: Cattle production, agroforesby, silvicul1ure 

.. 11AP: Research in natural resources, aquecuHure, and agroforesby 

.. Universíly of Ucayali: Agronomyand Foresby. 

• IAROS 
.. CIAT: CatUe production: forages, degradad pastures (srnall to madium 

producers) 
.. ICRAF: Agroloresby 
.. CIFOR: Carbon saquestration markets, management 01 secondary 

forests. 
• Development Agancies 

.. IORC / CIIO: AgricuHural research; institutíonal development 

.. UNOP: Oíl palm (aItemative developmenl) 

.. IICA·GTZ: Alternative development 

.. USAIO: Control of coca production 



Agricultural and NN. RR. Technology in Ucayali 

• Improved grass-Iegume pasturas for double-purpose cattle 
• CIAT/MTA 

• Agroforestry: Reforestation with timbec' and industrial species. alley 
cropping (experimental) 

• ICRAF - INIA. IIAP, ReforeSlation Committee. Oi! Palm Grower Asso. 
• Integrated Organic Farming (earthworm-compost horticulture, 

aquaculture, small farm animals) 
.IIAP 

• Susfainable I09ging and Silviculture 
• INIA - INRENA - lITO 
• CNF - Netherlands (secondary and "residual" Iorest) 

• Regien-Ieve! Susfainable Land Use Plans 
• Regional government (1) 
• Swiss cooperation I CDC-Perú 
• IIAP and ether 

--_ .... _-_ .... _-_ ..... __ . 

R&D Traditional Approach 
(National and Intemational) 

e Top-down 
... Farmer knowledge / rationality underestimated 

• Gender-biased toward males 
• Oriented to product maximization 

... Farmers' and regional priorities overlooked 
• Sectored, oligo-disciplinary 

... Economic evaluation often missing 

... Ecological evaluation always missing 

... Context (national / global) missing 
• Environmental issues not addressed 

L ..... ___ ... __ .......... ____ ... _ ..... _ .. .. 

45 



46 

SYNTHESIS 

e Socioeconomics 
e Ecology 

'----~ ... _- - ..... _ .• ~- .... _---

Pucallpa-Ucayali: Socioeconomic Synthesis 

• Agricultura! frontier in Ihe Andean (Westem) Amazon 
• CoIonist majority. unrooted and marginal. Native cultures decimated: 

"EcoIogical biindness· (1) 
.. Uncertain I Risk-prone environment (terrorism!): Risk averslon . 
.. Subsidy & Boom-oriented economy (coca!): Opportunism. 

- Subsidy from nature: timbar. fish. gama . 
.. Diversified and uncertain production. (Increesing agricultural prad.?) 
.. Low institutional deveiopment. Partlcularly at grassroots. 
.. Low market development. Extra-feglonaJ dependency (?) 
.. Extractive. extensiva. low-technology production. 
.. Labor and capital scarcíty (?) 
.. High relativa paverty. urban-ooncentreted; although livelihood better 

than in highlands and largar cities. 
• Perú: Macro-economic bonanza. Neo-liberaJ poIicíes. Laten! social 

violence. 
• World: New altitudes and possibilities for holistic R&D and sustainabilíty. 



Pucallpa-Ucayali Ecological Synthesis 

• Extensively eJ<ploited old-growth forests, defaunated and 
wood-impoverished (genetically eroded). 

• S lowIy increasing deforestation (carbon emissions). 
• Encroaching secondary growth and low-productivily pastures in most 

densely hurnan-populated area. 
• Extensive'loss of productive capacily and economic value of land. 
• Increasing uncontrolled fresh-water fisheries. Severa risk of 

over-exploHation. 
• The enly region in the Peruvian Amazon wHhout protected areas. Three 

areas in Ucayali considared 01 highest conservalion priorily (FANPE 
1996). 

• Pucallpa area considared envíronmentally critical basad en 
deforestatlon, top soil erosion and water pollution (UNCED 1992). 
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METHODOLOGICAL SEQUENCE 

Gilberto C. Gallopín, Land Management, CIAT 

The proposed process lo follow in tbís workshop in order lo organize our colleclive knowledge implies 
slarting witb ¡he identification of the major issues (which could be problems bul al80 opportunities) for the 
Pucallpa area Those will help lo idenlify the major managemenl goals and objectives. Indicalors capable 
of showing decision-makers ¡he degree lo which tbe goalslobjective8 are being approached are defined 
nex!. The whole sequence is presented below, altbough it is nOI expected we will cover all of il in tbe 
limiled time avaílable. We need to cover the first steps, because Ihey are the ones that will define what to 
inelude or ellcJude in the characterization of tbe system. NOle that tbís procedure implies defining tbe 
variables and fuctors 10 be investigated insofar as Ihey are importan! for addressíng tbe issues, goals or 
objectives defined for the case. Those may or may not be the variables or factors traditionally considered 
important witbin each of tbe involved discipline; as a malter of fact, it often happens tbat some of tbe 
critical variables (systemwise) are overlooked by tbe disciplinary sludies. The complete sequence is: 

• Identificadon of major issues 

• Management goal( s) 

• Range of management objectives 

• Indicators lo assess progress towards objectives 

• Range of management actions for consideration 
• Idenlification of aclions already being takenlconsidered by CIA T' s research 

• Time horizon and resolution 

• Spatial elltent and disaggregation 

• System variables required to generate tbe indicators 

• Identification of tbe relevan! subsystems 

• Analysis of tbe system 
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MAJOR ISSUES FOR THE PUCALLPA AGROECOSYSTEM 

Workshop Participants 

The following Iisl of issues and relevant iodicalors are the resull of a brainstorming session during which 
the ClA T seientists working in Pucallpa identified the mosl critical and key factors acting shaping the 
agroecosystem. 

WHOLE SVSTEM: 

• Perverse resilience (contagious unsuslainability?) 
• Road system as organizing prineiple 
• River system as organizing principIe 

AGRICULTURAL: 

• • • • 
• • • • 
• 
• 

ECOLOGICAL: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

ECONOMIC: 

• 
• 
• 
• 
• 
• 
• 

Degraded pastures 
Increased monocropping 
Efficiency of agricultura! inputs 
Low cattJe in ventory 
Low genetic potential 
Lack of agricultural machinery 
Seed supplies 
Utilization of non-traditional crops and agroindustries (e.g. Uña de gato, camu-camu -
pOlentía! uses of biodiversity) 
Weeds 
Irreversible los5 of soil/land productivity 

Deforestation 
Alterations in fish populatíons 
Increased fragmentation 
Increased percentage of secondary growth 
Impacts of coca on biodiversity 
River pollution 
Impacts of selective logging 
Polludon of breeding fish grounds 
Lack of inventory or informalion on biodiversity 
Impacts of activities in f100dplain on rivers 

Transport costs 
Labour and capital scarcity 
Sudden foreign ínvestment and inflow (e.g., DEA) 
No extension servíccs 
Coca - economic impacts 
Unreliable markets. price f1uctuations 
Extractive and absentee forestry system - bule reinvestment in local économy 
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• Net cconomic outflow from regíon. 
• Undervalued land prices (because of guerilla, etc.) 

HEALm: 

• Human health problems (?) 
• Water quality 
• U rban air pollution 
• Lack of sewerage facilities 
• Medical uses of bíodíversíty 

SOCtAL AND DEMOGRAPHIC: 

• Coca· social ímpacts (e.g. coca cities) 
• Urban unemployment 
• Rural to urban migration - social problems (e.g. outmigration of youth to Pucallca) 
• Urban poverty (no clear problem of rural poverty) 

1N~'TITUTlONAL: 

• Institutional instabílíty 
• Laek of poliey conlÍnuity 
• No land monítoring agency 

• Power structure (e.g. eoncentrated power of limber induslry) 
• Geopolitícal conlext - Amazon seen as importanl source of development for nation 

MANAGEMENT GOALS 

l . Enhance producli ve capacíly 
2. Increase human welfare 
3. Increase foad produclion for nation 
4. EnvironmentaI proteclion 
5. Sustainable management of bíodiversity 
6. Empowerment of local institutions 

INDICATORS FOR EACH MANAGEMENT GOAL 

l. Enbance Productive Capacity 

• Total factor productivíty 
• Yield per factor of productíon - Land, Labour. Technology, Capital and Human Capacíry 
• Ralio of land in production versus abandoned land - Actual Production Ratio (APR) 
• Díversíly of agricultural activities 
• Fisheries: 

• catch effort 
• recruítment rate 
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• fish value 
• spedes composition 

2. (ncrease Human Welfare 

• Child mortality 
• Average ¡ncome 
• Unemployment 
• lncome dístríbution 
• Poverty level 
• Capital accumulation 
• Literacy 
• Morbidity - diarrheal; respiratory 
• Satisfaction . suicide rates 

• Crime 
• Social support networks - community health 

3. Increased Food Production for tbe Nation 

• Total regional food produclion 
• Ratio of regional food production to naltonal food production 

4. Environmental QuaUty 

5. 

• 
• 
• 
• 
• 
• 
• 
• 
• 

Proportion of vegelation in native state 
Rate of deforestationlratio to reforestation 
Protected areas . within specific ecological niches 
Change in indicator species 
Mismatch between actual land use and optimalland use - land use conflicts 
Water pollution 
(Need indicators of aquatic ecosys!em health) 
Greenhouse gases emissions 
Proportion of degraded land 

Sustainable Management of Blodiversity 

• Proportion oC natíve spedes with market value 
• ¡neome generated from non-timber products 
• Number of non-traditional species being utilized 
• Habita! loss of wild species 
• (need IOdicators of managemenl) 

Empowerment of local institutions 

• Proportion of agricultura! product (?) prices determined by local markets versus proportion 
sel by the central government 

• 
• 
• 
• 

Propcrtion of credít from local banks versus proportion from natíonal banks 
Percentage of publíc services paid for by ¡he local government 
Percentage of busínesses owned loeally versus by outsiders 
Change in membership numbers in local instítutions 
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