
A Tool for Prioritizing 
Climate-Smart Agriculture Investments

Speakers
Jerry Glover, USAID Bureau for Food Security 
Robert Richardson, Michigan State University 

Harry Ngoma, USAID/Zambia 

Facilitator
Julie MacCartee, USAID/Bureau for Food Security

June 16, 9:30-11 am



Bio
Jerry Glover is a National Geographic Society Explorer 

and Senior Sustainable Agricultural Systems Advisor for 

USAID. He earned two bachelor's degrees in soil 

science and philosophy and a Ph.D. in soil science at 

Washington State University in 2001. Prior to his work 

at USAID, Jerry studied native grasslands and farming 

systems, including no-till, perennial, organic and 

integrated systems. He has published the results of his 

work in Science, Nature, Proceedings of the National 

Academy of Sciences and Scientific American.



Bio
Robert Richardson is an ecological economist at 

Michigan State University with interests in the study of 

development and the environment, particularly the 

contribution of ecosystem services to socioeconomic 

well-being. His research and outreach program focuses 

primarily on sustainable development, and he uses a 

variety of methods from the behavioral and social 

sciences to study decision-making about the use of 

natural resources and the conservation of ecosystem 

services.



Bio
Harry Ngoma is a Food Security Specialist with the 

Economic Development Office at USAID Zambia. He 

currently provides technical backstopping to a portfolio 

of Feed the Future activities in Zambia, including the 

$18 million Research and Development Program, the 

Zambia Economic Resilience Program for Improved 

Food Security (Mawa Project) and a number of other 

USAID regional and Washington based activities.



Jerry Glover Sr. Sustainable Farming Systems Advisor Bureau for Food Security USAID 

Climate-Smart 
Agriculture is 
an approach 
and not a list 
of practices



USAID’s three primary objectives for CSA:

• Sustainably increasing agricultural productivity and 
incomes; 

• Adapting and building resilience to climate change; 

• Reducing and/or removing greenhouse gas 
emissions, where appropriate.

Climate Smart Agriculture: 



• Systems approach: CSA is not a practice or list of practices, but a continuous process 
that considers challenges that arise at the intersection of climate change and agriculture 
holistically, including identifying and addressing barriers to adoption. 

• Intentionality: CSA deliberately considers how climate change will impact activities 
(adaptation) and, how activities will impact climate change (mitigation), both on and off 
the farm field, even where no further action is taken. 

• Multiple benefits: CSA seeks to integrate approaches and options in ways that that 
maximize synergies and reduce tradeoffs. 6 

• Context specific: CSA is specific to the relevant geography and climate change impacts 
as well as socio-economic, political, cultural, and environmental factors. 

• Long-term perspective: CSA acknowledges and addresses short term needs while 
encouraging a long-term perspective to consider future climate change impacts and their 
uncertainties, and takes advantage of new information. 

Climate Smart Agriculture
USAID’s Principles for Practice:
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Evergreen Agriculture:
The use of perennial crops, 
shrubs, and trees to increase 
productivity and conserve soil 
& water resources

• Increased crop production.

• Improved physical & 
biological status

• Increased organic inputs 
belowground

• Improved water infiltration



Conservation Agriculture:

• Minimum mechanical soil 
disturbance. 

• Permanent organic soil 
cover. 

• Diversification of crop 
species grown in sequences 
and/or associations.
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Replenishing Africa’s Soil
Scientific American
May 2016

Additional approaches: 
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Climate Smart Agriculture
USAID’s Principles for Practice:

How do we implement 
these principles?



Thank you



Participatory System Dynamics Modeling:
A Tool for Prioritizing Climate-Smart 

Agriculture Investments

Robert B. Richardson
Michigan State University

USAID AGRILINKS Webinar
June 16, 2016



 Linkages between farm-scale practices and landscape-scale 
impacts on ecosystems are not well understood.
 Closely-held (but poorly-examined) assumptions often 

influence or guide development investments intended to 
promote climate-smart agriculture.
 Participatory system dynamics modeling can be used to 

test those assumptions and determine priorities for 
development investments.
 The approach can be adapted to other contexts.

Acknowledgement of colleagues: Laura Schmitt Olabisi, Philip Grabowski, Naomi 
Sakana, & Kurt Waldman

Overview



 Project: Impact of Sustainable Intensification on 
Landscapes and Livelihoods (SILL)
 Examine the impact of sustainable intensification of 

agriculture on biodiversity conservation in Zambia
 Pilot sites: Eastern and Lusaka Provinces, Zambia
 Participatory system dynamics modeling activities in 2014-
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Project Objectives



Major Trends in Zambia
 Relatively low population density
 21 persons per km2; sub-Saharan Africa average - 42 per km2

 Population growth
 Projected to triple by 2050 to 43 million, 10x by 2100

 High rates of urbanization
 Increasing demand for food and energy

 High rates of deforestation
 150,000-300,000 ha/year
 Leading cause of greenhouse gas emissions



Implications
 Food security – demand for food
 Demand for cropland
 Conventional wisdom: practice of cultivating maize monoculture 

depletes soils
 Farmers migrate to land abundant areas
 Deforestation is driven by clearing land for agriculture

 Degraded soils
 Low non-farm rural employment



 Dominant narrative: deforestation is mostly driven by 
smallholder farmers facing weak yields in degraded soils 
who abandon their fields and clear new land
 Hypothesis: sustainable intensification (SI) practices that 

increase yields or produce fuelwood will reduce 
deforestation pressures
 Conservation agriculture: increased yields will reduce need for land 

clearing
 Agroforestry: on-farm fuelwood production will reduce demand for 

forest resources

Agricultural Practices and Deforestation
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System Dynamics Modeling
 …is a quantitative modeling tool that 

uses systems thinking to analyze the 
impact of feedback loops in complex 
and dynamic systems
 Participatory system dynamics 

modeling was used to elicit 
stakeholder views of the system and 
how it operates, and to use that 
information to inform the 
construction of the model.
 The tool is highly flexible, and can be 

adapted to other complex systems.



Participatory Modeling Process
 Identify partners and stakeholders
 Introductory workshop (generate causal loop diagrams)
 Review literature and data sets
 Build national-level model of deforestation in Vensim®
 Participatory modeling workshop (refine parameters)
 Build provincial-level models (Eastern and Lusaka Prov.)
 Final workshop and report

 Total timeline: ~ 15 months (May 2014 – August 2015)



 Indaba Agricultural Policy 
Research Institute (IAPRI)

 BioCarbon Partners
 COMACO
 CIFOR
 CIMMYT
 ICRAF
 ICRISAT
 IITA
 Michigan State University
 South Luangwa Conservation 

Society

 The Nature Conservancy
 TGCC/TetraTech
 Total LandCare
 USAID
 University of Zambia
 WWF
 Zambia Agriculture Research 

Institute
 Zambia Carnivore Research
 Zambia Forestry Department

Participants



Economic security feedback loop

Causal Loop Diagrams



Extensification feedback loop



Forests in Zambia
 Modeled drivers of deforestation
 Integrated Land Use Assessment (FAO, 2008)

 Two types of forests represented in model:
 Deciduous and evergreen forests
 Miombo woodlands

 Forests resources used widely for multiple purposes
 Urban households depend on charcoal for affordable cooking fuel
 Rural households depend on fire wood for cooking fuel
 Rural households may produce and sell charcoal as a coping 

strategy during periods of weak crop yields



Deforestation in Zambia
 Sources of deforestation represented in model:
 Clearing land for agriculture
 Charcoal production
 Fuelwood collection
 Home construction
 Commercial timber



National-level Baseline Model

14% loss18% loss

Forest Cover
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Miombo Clearing by Driver
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Eastern Province Baseline

0.74% loss rate in 2010 0.54% loss rate in 
2010
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Eastern Province Model
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Effects of Maize Yield Increase

Maize yields increase at 3x their current rate - no effect on deforestation.
Yield increase
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Effects of Drought

A drought affecting 70% of agricultural area occurs every 40 years, and 40% of 
agricultural area every 8 years. Farmers turn to charcoal production for income in years 

in which their crops are affected. If farmers engage in CA, they are not affected. 
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Effect of Full Electrification
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Effect of Fuel-Efficient Stoves

Efficient stoves
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1.23% loss rate in 2010 0.93% loss rate in 2010
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Effects of Maize Yield Increase

Maize yields increase at 3x their current rate - no effect on deforestation.
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Effects of Drought

A drought affecting 70% of agricultural area occurs every 40 years, and 40% of area every 
8 years. Farmers turn to charcoal production for income in years in which their crops are 

affected. If farmers engage in CA, they are not affected. No effect on deforestation.
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Effect of Full Electrification
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Effect of Fuel-Efficient Stoves
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Conclusions
• Charcoal production and clearing for agriculture are both 

important drivers of deforestation
• Charcoal currently dominates in Lusaka
• Clearing for agriculture currently dominates in Eastern
• Charcoal expected to dominate in both provinces in the future

• Clearing land for agriculture is driven by rural population 
growth, not low yields or land abandonment

• Charcoal production is driven by urban population growth and 
energy demand

• Participatory system dynamics modeling can be a useful tool for 
identifying the primary drivers of change in complex agro-
ecological systems



• Linkages between farm-scale agricultural practices and 
landscape-level impacts on ecosystems can be complex.

• Participatory system dynamics modeling can be a useful 
tool for identifying the primary drivers of change in 
complex agro-ecological systems.

• The approach is flexible, and can be adapted to examine 
other complex systems, depending upon mission 
priorities.

Conclusions (continued)
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Applying the Participatory System Dynamics Model 
to Prioritize Investments in Zambia – Harry Ngoma



PRESENTATION OUTLINE
1. Introduction

2. Current 
FTF/GCC 
Activities

3. Lessons For 
Future 
Programming

4. Conclusions 
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INTRODUCTION – THE SILL MODEL 
• The SILL model explored linkages that 

exist between farm-scale sustainable 
intensification, forest conservation and 
biodiversity conservation in Zambia.

• The model was intended to inform the 
Mission in the design of an integrated 
framework for programming in Zambia.

• Improving integration between 
agriculture, forestry and 
biodiversity/wildlife important for 
sustaining the environment.
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FTF CSA INVESTMENTS
Key objectives: 
1. Increase smallholder agricultural productivity 

and diversification, 

2. Improve access to markets and trade, 
strengthening the full value chain, private sector 
engagement and enabling policy environment

3. Improve resilience of vulnerable households and 
nutritional status

4. Ensure sustainable natural resource management 
(shared objective with the environment portfolio, 
co-location of activities) 

Value chain focus:  maize, soy, groundnuts, and 
sunflower.  Horticulture



EXAMPLES OF ACTIVITIES  
INTEGRATING ENVIRONMENT AND 

AGRICULTURE

55

GCC OBJECTIVES
USAID/Zambia’s Environment project seeks to build 
capacity and foster approaches necessary to 
accelerate greenhouse gas reduction and conserve 
Zambia’s wildlife, habitat and natural resources. 
Specifically to:

1. Improve Zambia’s capacity to manage natural 
resources sustainably, in particular, to reduce 
deforestation and forest degradation and protect 
and conserve Zambia’s wildlife populations; and 

2. Encourage shared benefits of natural resource 
management between the Zambian government 
and local stakeholders



LESSONS FROM THE MODEL
• Charcoal production and agriculture are both 

important drivers of deforestation

• In Eastern province of Zambia Agriculture is 
the dominant driver for deforestation while 
charcoal dominates in Lusaka

• Looking forward, charcoal will be the major 
driver in both provinces

• Agricultural land clearing is driven by rural 
population growth (new families), not low 
yields or abandonment of land due to 
declining soil fertility

• Charcoal production is driven by urban 
population growth and energy demand



LEARNING AND ADAPTING OUR STRATEGY
• Addressing food security and other livelihoods 

is important for the sustainability of the 
environment.

• Need to have alternative energy sources for 
the high charcoal  demand in urban areas.  

– Power Africa, a new activity design has incorporated 
clean energy to reduce the demand for charcoal 

• Because population growth is the #1 driver for 
charcoal demand, family planning is very 
important. 

– Our new Country Development Corporation Strategy 
(CDCS) is taking that into account to ensure that 
health programs are co-located with agriculture 
activities.

• Behavior change around energy alternatives, 
family planning and alternative livelihoods are 
important interventions to consider.  

– Adoption of technologies still low and requires new 
ways of promotion.
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CONCLUSION
• Climate change is perceived to be a larger threat to community health and 

development than forest degradation or deforestation – need to address livelihoods 
key to conservation of environment.

• While the linkage between agriculture intensification (AI) and deforestation is weak, it 
is very important at household level to address food and nutrition security, and 
income.

• The notion that Zambia has abundant land as explained by its low population density 
of 2 persons/ha is contrary to views of smallholder farmers where majority indicated 
that land was no longer available  for allocation (Infrastructure factor; land titling by 
elites, etc.). 
 Need for infrastructure development in areas for commercial ag; easing land 

titling system, and development of appropriate land act to improve 
opportunities for SSF

 The role of broad-based ag productivity growth in economic/demographic 
transformation still holds as farming is the single largest source of 
employment in Africa – but income earned from 2 ha plots is inadequate to 
get farmers out of poverty.
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CONCLUSION
• With the right investments (in conservation and household skills) and community-

level planning for conservation, multiple revenue streams can be sustained from a 
much broader and sustainable use of the land (wildlife, tourism, forestry, fisheries, 
livestock) with smart value-added products owned and managed by communities.

• With the right community organization and infrastructure, small-scale farmers can 
create a massive food chain of diverse and healthy food products for Zambia while 
offering the Zambian economy an exotic mix of high-valued conservation products.

• Small scale farmers are key for conservation to work in Zambia, if able to remain 
fixed on their farmland with reliable yields of diverse crops, pass on land assets to 
children,  and derive economic benefits from non-agricultural land uses that support 
conservation outcomes.

• Behavior change is important – we need to use education of children as the entry 
point.  How do we engage the youth in this whole process to make it work?

• Scaling up good practices requires a strategic approach in identifying what works 
and what farmers can adopt.
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SHARE – DISCUSS - LEARN
Agrilinks.org

Top 
Take-aways

1. Participatory system dynamics modeling can 

be a useful tool for identifying the primary 

drivers of change in complex agro-ecological 

systems

2. The model is flexible, and can be adapted to 

examine other complex systems, depending 

upon mission priorities

3. USAID’s CDCSs can benefit from the use of 

this model to prioritize investments in complex 

development issues





Continue the 
conversation

Comment on today’s topic:
Check back on the event page

Tweet tips! 
twitter.com/agrilinks

Post resources!
facebook.com/agrilinks
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