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The INRM

package

Objective: 

improved adaptive capacity

Approaches

to implementation

Crucial tools

Key principles

Multiple scales of 
analysis and intervention

 Learning

Action research

Negotiation

Simulation modeling

Multiscale databases

Impact assessment Plausible promises -
best bets

Going beyond
the specific - scaling up

Decision and negotiation
support systems

Efficient decision-making
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Updating

� Stakeholder negotiations

�  Development of common vision

�  Formalization of the system

�  Scenario analysis

�  Problem identification and formulation

� Identification of research of best 

   bet interventions

�  Identification of research needs

�  Identification of disciplinary foci

� Identification of pre-conditions 

    for scaling up

�  Development of performance indicators 

� Stakeholder analysis

� Institutional analysis

� Identification of scale

   of analysis and intervention

� Resource assessment

�  Scales

�  Boundaries

�  Leverage points

�  Select options for implementation

�  Implementation

�  Create enabling conditions for 

   scaling up �  Technical options

�   Institutional 

Examples:

Stakeholder interaction

Change in awareness

Implementation of INRM 

 

Adaptive
phase

Action
phase

�

�

Monitor options

Monitor processes

Subsystem

identification

Reflective

phase
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Evaluate

Evaluate

Evaluate

Research on 

fast variables

Research on
slow variables

Update

Reflect

Action

Action

Action
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Organizing
for INRM

Become a learning
organization

Embrace plurality
of knowledge forms

Address scales issues
in priority setting

Support knowledge management,
systems analysis, decision support approaches

Integrate scientists
and other stakeholders

Form learning communities

Promote institutional
adaptability

Flexible hierarchies

Selective decentralization

Temporary teams

Creative teams

Dynamic agendas

Tolerance of the unexpected
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Interactive Situation Analysis

actor-network participatory analysis
exploratory vision, needs and problem analysis
analysis of decision-making rationales, interests and 
motivation of actors at farm-livelihood level
analysis of natural framework, external influences, 
institutional/administrative framework

.

.

.

.

.

..

.

.

.

.

.

development of visions and building of consensus
negotiate of 'sustainability'
identification of shared problems, needs and goals
facilitate institutional strengthening
in-depth environmental analysis (scenarios, modeling)

land-use negotiation (village-level or watershed-level
land management)

Facilitation of Platform Building

Negotiation of Interests, Power and Collective Action

negotiation on collective rules, regulations, by-laws
and sanctions
exposure to options ('search for solutions')
linking of responsibilities and tasks to local institutions/
organizations, exploring leadership development

.

.

.
planning the collective action

Planning and Implementation of Collective Action

developing indicators for impact monitoring
development of/learning about innovative technolo-
gies: designing experiments (can include scientific
experiments together with researchers), individual
and collective experimentation and learning

Sharing of Results and Evaluation

.

. interactive communication of basic ideas,
principles and processes experienced
during experimentation and implementa-
tion of collective action
evaluation of technologies and innovation
process: extract and build upon positive
experience, analyze reason for failures  

Re-Negotiation and Re-Planning of
Collective Action

review of shared problems
re-negotiation and re-focusing of
collective action

.

.
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Sharing the Learning-Success and Failure

Considering different Needs for Technology

Adapting Technologies to 

Prevalent Value

Being Inclusive rather than Exclusive

Analyzing Technology and Social

Problems together

Creating Ownership of
Technologies  within

Communities

Dealing with Jealousy 

and Equity

Analyzing
Technologies/
Ideas through
Comparison

Trying out
Ideas and

Technologies 
on their own

Playing with Ideas
and with

Coincidence

Discovering new
Things that Work

Dissemination through
Sharing of 

Experiences

Individual Technology
Adaptation/Development

Learning
through

Discovery and
Trying out

Enhancing
Farmers'
Creativity

Stimulation to Think
'Beyond the Box'

Exposure to Ideas 
and Options

Competition for
Creative/Best Ideas &

Solutions

Giving Recognition to
Creativity

Farmer

Experimentation
Technology

Development
and

Research

Valuing
Farmers'

own
Knowledge

Linking
Technology and

Social Processes
= Social Learning

No Longer Consider Farmers as 
Mismanagers of their Resources

Recognize the Rationale 
of Farmers' Practice

Revival/Discovery of
Indigenous Practice

Building upon Farmers'
Practice

Farmer Participatory
Research

Semi-Formal
Research Design

Research-
supported Trials

Quantification of
Trial Results

'Invention' of
Technologies

Intensive Interaction btw.
Farmers, Researchers and

Extensionists
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Phase one __ Subsystem identification

Stakeholder assessment Resource assessment Institutional assessment

Phase two __  Reflective phase: approaches and assessment of research needs

Problem 
identification 

Common 
vision

Management
approaches and

assessment criteria

Research needs and
disciplinary focus 
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Decision support system

(DSS) 

- Data set (spatial and nonspatial)
- Models
- User interface

Set of outcomes implemented
- Management policies
- Management strategies
- Instruments

Phase three __  Action phase
- Typology of management strategies
- Scenario analysis
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Scale Analysis [Tools]

INTERNATIONAL 

NATIONAL 

REGIONAL
• Economic region
• Biophysical catchment

LOCAL
• Farm household system

• Agricultural activities 
  of households

• Specific crop

International trade [trade model, 
political economics]

Economy/industry-wide impact 
assessment (computable
general equilibrium model) 

Land-use suitability [crop 
suitability models, land-use 
models, bioeconomic model]; 
spatial variability [GIS]

Household profitability (on-farm 
and off-farm activities) 
[household income and 
expenditure model]

Farm activity model [farm model]

Biophysical crop-specific/
crop model

I
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Main decision-making unit

Local institutions

� Allocation rules

� Sociocultural constructs

Landowners

Lease arrangements 

tenants, including rent

payment basis and tenure

Government/social

welfare custodian

Deals with welfare issues 

(e.g., equity and environ-

mental degradation)

 Policy reforms

 � World sugar trade policy

 � Domestic policy

   (e.g., cane quality payment)

Farm household 

� Decides on input mix (including labor split

   between on-farm and off-farm work) 

� Decides on areas sown to different crops 

   to stabilize income

   

GIS, and/or in other user-

friendly formats, print-ready

or exportable to other

computer software for further

manipulation or analysis

DECISION SUPPORT

Provided to decision-making

bodies, involving all

stakeholders

E

x

o

g

e

n

o

u

s

f

a

c

t

o

r

s

Crop growth

Mimics crop growth to determine yields

from different crops (irrigated and 

dryland), different crops varieties and 

different soil types

                                                                        Model outputs

Estimated income changes, cultivated areas, crop

mix and production, water use, labor inputs

Crop

yields

Area sown,

Irrigation,

Rainfall,

Fertilizer,

etc.
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control
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actually
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model

Farmer level: 
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model

real

world
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Static Dynamic response

Sustainable livelihoods

somewhere on the globe

Sustainable livelihoods

at current location

Sustainable farms

at current location

Sustainability of current

farming system

Sustainability of current

cropping system

Sustainability of current

trees/crops/animals

Lack of change in 

environmental conditions

Adaptation F:

human migration

Adaptation E:

shift to non-ag.

sectors

Adaptation D:

other farming

system

Adaptation B:

other trees/crops/

animals

Adaptation C:

other cropping

system

Adaptation A:

other genotypes of

trees/crops/animals
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D. Imperata rehabilitation via
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Problem analysis

� Rapid conservation on the margins of tropical forests, leads 
to loss of biodiversity, carbon release into the atmosphere, 
smoke & haze problems, impacts on watershed functions

� Part of this forest conversion is poverty-driven; life in the 
forest margin is full of risk; strong perceptions on forest 
squatters prevail and they have little or no voice in the 
public debate

� Local solutions that appear to be promising, such as the 
complex agroforests that have replaced crop-fallow 
rotations, are not recognized at policy level; current policies 
may hinder these solutions and aggravate problems

==> Need for integrated analysis of impacts of broad range of 
land-use alternatives on local, national and global benefits

Enhanced biological productivity
� For locally relevant representatives 

of major land-use systems, 
develop descriptions of 
productivity on a 25-year time 
frame, labor and other inputs

� Tests how exiting 'improved' tree 
germplasm can be used and what 
the constraints are

� Tree * site matching in rehabilitation 
of degraded lands

� Support farmer experiments on 
agroforest rejuvenation

Enhanced human well-being
� Risk in forest margins is linked to 

vertebrate pests, fire, insecure 
resource access rights and 
economic shocks; diversity plays a 
role in managing these risks

� Farmers get a voice in discussions 
at local policy level, as follow up to 
participatory surveys

� Reviewing policy constraints on 
tenure arrangements, securing 
access under certain restrictions, 
obtaining recognition for farmer-
development options

Enhanced ecosystem integrity 
and resilience 
� Quantification for all land-use 

categories of their impacts on 
plot-level above- and below 
ground biodiversity, time-
averaged carbon (C) stocks

� Quantity impacts on water use 
and sediment flows

� Sustainability indicators that 
include nutrient cycling and 
soil organic matter studies

� Quantify smoke production 
during forest conversion

Analysis of trade-offs, range of flexible options
� Matrix format for synthesizing all attributes of major land-use options
� Analysis of trade-offs, e.g.

Biodiversity * Productivity * C-stock
� Zoom in on trade-offs within the most 

promising land-use categories
� Analyze other factors influencing decision 

making on promising land-use options

Outcomes and feedback
� Policy dialogue at local and national scale on the main 

outcomes, leading to identification of entry points for 
intervention

� Policy recognition for agroforests
� Review of trade policies and taxes on farmer-grown trees
� Support to negotiations among stakeholders in access to 

state forest land and watershed functions
� Analysis of policy options for managing fire and smoke
� Re-evaluation of re-settlement policies 
� Re-orientation of existing  extension services to appreciate 

farmer-developed options and resource integration.

B C

P P
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New components &
technologies

Plots (land-use)

Matrix (filter)

Roads/streams

Performance
indicators

actor, 

stakeholders

agreed

changes

spontaneous 
change

landscape

mosaic

resource

interactions

Negotiation 

process
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Negotiation process

with their 
‘mental models’

Actors,
stakeholders

Landscape

mosaic

resource

interactions

Impacts on:

P

B

S

F

C

W

K

E
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Long-term
Investment VisionariesS
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Very Careful Problem Analysis
- Participatory; all levels working  together 
  from the outset
- Focusing on community priorities
- Planning to go to scale from the outset 
- Considering all relevant scale issues:
  spatial, temporal and organizational

Integrated Model

Shared Vision

Facilitation

F
e

e
d

b
a

c
k

Organizational Development
(at all levels)

Upward delegation
from strong local
jurisdictions

Accountability 

Develop strong local jurisdictions
- Genuine devolution of authority
   responsibility and freedom 
   to experiment
- Common interest powerful enough
   to override sectional factionalism
- ‘smallness’ - continuous interaction
   across the membership
- Jurisdictional size matched 
   with resource base
- Educational/knowledge/ information

F
e

e
d

b
a

c
k

Strategic Plan
A clear strategy that links social, economic and environmental goals. Start by asking what the perfect

environment will look like 20 years from now i.e. longer term goals (e.g. diversification, adaptability, equity
reduced vulnerability, environmental protection). Focus on these. Now, take the first step. What needs 

to be done today to make this happen i.e. immediate priorities (e.g. food security, water supply, market reform)

Participatory INRM Research
- Research on alternative solutions
  through collaboration between civil
  and professional science
- At the range of temporal, 
  biophysical, and institutional scales
  identified as relevant
- Match observation scale 
  to process scales
- Conduct audits and evaluate
  the management requirements of 
  specific resources
- Match these to jurisdictions 
  no larger than necessary
- Analyze trade-offs and competing 
  interests
- Implement packages of options
  toward the longer term goals

Long-term Monitoring and Evaluation
at all levels in a continuous and iterative process of

incremental learning as institutions, roles and
responsibilities evolve and slower variables change

Dissemination
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Integrated Catchment Management
- Overall strategy that clearly defines the management objectives 
- Mechanisms and policies that enable long-term support 
- A range of delivery mechanisms that generate the interest 
  and participation of local institutions and communities
- Decision-making and action take place at regional and local levels
- A monitoring schedule evaluates program performance

Common Property Management (Group Management)
- Access to external facilitation to help advise on organization development 
- Systematic analysis to identify all stakeholders and ensure their representation 
- The operative unit is small enough for local people to participate meaningfully
- Members of the group must benefit directly from the resource 
- Constitution (rules and norms) governing management agreed upon defined
- Group membership and resource boundaries are agreed upon and defined 
- Compromises for resource sharing negotiated with other user groups 
   using charters of access and compensation mechanisms
- Penalties for infringement of rules and a mechanism to enforce these

The ideal initial development project
- Produces a range of benefits to many people in a short space of time 
- Generates cash - lack of income is a huge impediment to new activity
- Creates sufficient incentive for communities to overcome the increased 
  managerial problems associated with joint action
- Builds social capital e.g. provides a meeting place for problem solving 
  and builds confidence in tackling natural resource problems
- Prompt their awareness of the need to protect natural resources in  
  order to protect their initial investment - in some cases this intrinsic 
  awareness may need to be reinforced through environmental education

Devolution of control for natural resource management
- Ratification of community-based organization (CBOs) as appropriate authorities
- Rationalization between customary and modern leadership systems
- Security of tenure
- Access to credit facilities
- Management rules and maintenance arrangements evolved 
  and enforced locally with higher level support
- Revenue from fines, levies and royalties maintained locally 
- Conflict management arrangements in place and arbitration available
- Demand-led technical support services with official tariffs where applicable
- Access to environmental education
- Local-level resource monitoring and evaluation
- Open lines of communication between groups and with higher levels of authority
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Top-down

National policy for
ICM or Integrated
Water Resources 

Management

Demarcation of
hydrological Sub-
catchments and

Catchments

Both top-down and bottom-up

approaches will be needed but they

must meet in the middle

No replication mechanism

or regional planning

?

Successful: "pilots"
in restricted areas

Investment and
development in

individual
communities

Usually an NGO or
CBO initiative

Bottom-up

?
No delivery mechanism

at ground level

Election/Selection
of Sub-catchment
and Catchment

Councils

Integrated
Catchment

Management
(ICM)
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Loop limit

time = 1

end loop

Loop on 

the agents

Time = 6

Find allowed 

and good cell 
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crop  

Find cell near 

water (<1 km) 

and allowed and 

set up crop 

Find crop residual 
or crop near water 

(<5 km) and possible 
path to water 

consume resource

Yes

Yes

end loop 

time = 12

Resource 

renewal

Time = 1
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Hadley GCM climate normals

for 2055. Resolution of 2.5ox3.75o

African metgrid of climate

normals. Resolution 10'x10'

Calibration data set

of 9200 stations of

daily rainfall data

FAO soils map

at 1:5 million

  WISE/ISRIC database

  Global soil data task CD

  CIAT soil properties

  database

Interpolation to 10 arc

minutes resolution

African metgrid of climate

normals for 2055.

Resolution 10'x10'

MarkSim: simulated

daily weather data

Coherence

clustering

Maize Crop and

Management data
Current daily

weather data

   CERES-Maize

   WATBAL

Outputs for

analysis

2055 daily

weather data
Soil profile
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Development 
state

Impact

Institutions 
and 

organizations

Livelihood

Sustainability

 
• Employment and income
• Poverty alleviation
• Well-being and capabilities 
  improved

• Adaptation and resilience 
  enhanced and vulnerability 
  reduced

• Natural resource base 
   sustainability ensured

• Economic/financial capital
• Physical capital
• Natural capital
• Human capital
• Social capital

Livelihood resources: 
Five capitals

Context
• History
• Politics
• Macro-economic 
  conditions
• Climate
• Agro-ecology
• Demography
• Social 
  differentiation 

Development 
process

Livelihood strategies
• Agricultural intensification/

    extensification

• Livelihood diversification
• Migration

R
&
D
 Interventions
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Organizational 
models

DSTs for
local planning

DSTs for market
chains and 

food security

Monitoring 
and evaluation

tool

Impact
assessment

Stakeholder
analysis and local

organization
processes

Better 
understanding of

agro-ecological and
market potential
and trade-offs

Better 
understanding of
constraints and
opportunities

Systematic 
assessment of
outcomes and 

feedback

Assessment of
the effects of 

the intervention

A forum for INRM
collective action

established

A strategic plan 
for sustainable 

land-use
management

Action plans for
market chain and

food security

Implementation 
of plans and 
adoption of
technology

Intermediate
outcomes
- economic
- environmental
- social
- human

D
e

v
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Increased
awareness,

coordination,
and 

collaboration

Demands for
land-use

management
options

Land-use
management

options

Technologies adjusted, validated and diffused

Integrated 
production system

technologies 

Participatory
research 

methodologies 

Demands for
germ plasm and
integrated crop
management
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HUMAN SYSTEM

X low birth weight infants
E health care expenditures
F high school graduation
S employment concentration
A adult literacy
C ethnic diversity of teachers
P equity in justice

CONTRIBUTIONS
TO TOTAL SYSTEM
X children living in poverty
E distribution of personal income
F housing affordability ratio
S juvenile crime
A youth involvement in community
C volunteer involvement in schools
P neighborliness

SUPPORT SYSTEM

X [net capital investment]
E residental water consumption
F real unemployment
S community capital
A vehicle miles traveled & fuel
C air quality
P pedestrian friendly streets

NATURAL SYSTEM

X [ecological footprint, area pct]
E impervious surfaces
F energy use
S soil erosion
A biodiversity
C wild salmon
P gardening activity

X [infant morality]
E work required for basic needs
F voter participation
S emergency room use for non-ER
A library & community center usage
C asthma hospitalization, children
P perceived quality of life

X [accumulation of persist pollution]
E solid waste generated & recycled
F farm acreage
S pollution prevention & renewables
A wetlands
C population
P open space in urban villages
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