
Modeling for decision-support

Eduardo Moraes Arraut, PhD
Instituto Nacional de Pesquisas Espaciais (INPE)

SUME/IUCN

Lima, Peru, 26 October 2017



LET’S BEGIN WITH BAD EXAMPLES

Collapse, past and future (?)



COFFEE AT VALE DO PARAÍBA, SP, 
BRAZIL

The collapse of a number 1 in the world 
economy



Coffee farm, Vale do Paraíba, SP, 19th C



Coffee plantation, horizontal lines



Innovation came with 
planting along vertical lines

This allowed more slaves to 
be controlled by a single 
foreman, reducing 
production cost and 
increased yield.

In late 19thC, the Vale do 
Paraíba became the N.1 
coffee exporter in the 
world.



But…!

Who would know that 
planting along vertical lines 
was causing an inexorable 
loss of soil nutrients?



Predominant cover type of nowadays



THE UK LANDSCAPE

Thousands of years of unsustainable exploitation



A historical perspective on deforestation in 
Europe



Popular name Scientific name Extinction date Probable cause

Lynx Lynx lynx 200 A.D. Over-hunting

Brown bear Ursus arctos 500 A.D. Over-hunting

Beaver Castor fiber 1300 A.D. Over-hunting

Wild board Sus scrofa 1500 A.D. Over-hunting

Wolf Canis lupus 1700 A.D. Over-hunting

Muskrat Ondatra zibethicus 1935 A.D. Over-hunting

Coypu (roedor) Myocastor coypus 1987 A.D. Over-hunting

Source: A Short History of the British Mammal Fauna

Large fauna driven to extinction in Britain



Conflict with people, invasive species, 
agricultural pests, disease transmission, etc…



Some UK biodiversity-related issues

Grey squirrel (Sciurus carolinensis) 
Issue: displacing native red squirrel

Brown rat (Rattus norvegicus)
Issue: agricultural pest

Badger (Meles meles)
Issue: bovine Tb

Am crayfish (Pacifastacus leniusculus) 
Issue: displacing native crayfish



So, achieving this…



has been costing this…

£1.7bn/year!!



The guy is the UK government and each coloured ball is a recurrent problem



Main message and questions

• The same innovation that catapults a system to 
the skies might inexorably lead it to collapse.

• When all appears extremely well, how to foresee 
demise?

• When all appears extremely well, how to 
convince ‘others’ that the system WILL collapse?



As answering questions like these requires 

collecting, synthesizing, simulating or 

exchanging data and information in ways that 

surpass human capabilities, scientific modelling 

is a valuable tool.



A side note: a proposal, or 
perhaps an appeal…

That here, at SUME, we abandon the notions of ‘Developed’ and 

‘Developing countries’, ‘First’ and ‘Third world’, ‘Global north’ 

and ‘Global south’, and all other similar deliriums…

Let’s perhaps simply focus on the problems and examples of 

success or failure, wherever and from whichever culture they 

come from.



NOW, TO THE GOOD EXAMPLES

Modeling for decision-support



GREY PARTRIDGE MANAGEMENT IN 
THE UK



Background

• “In the UK, numbers of grey partridges have declined by 
over 80% during the last 25 years, and in many parts of the 
country the species has become locally extinct. Concerns 
over the magnitude of the decline led the UK Government 
to place the species on the short list of the UK Biodiversity 
Action Plan (BAP) for which the Game & Wildlife 
Conservation Trust was appointed lead partner in 1996.”

• The killing of Grey partridges for sport or food is historical 
in the UK and as of today there is a vivid economic system 
that relies on it.



Scientific challenge

• Estimate quotas for grey partridge (Perdix
perdix) re-establishment, differentiating 
between areas where they’re still present or 
where none or very few persist.

• Increase reproductive rate and decrease death 
rate

• Impact: species conservation and 
improvement of economic system



Data and method

• 26 sites split between East Anglia and 
southern England

• Fates and breeding success of 2,023 released 
grey partridges, of which 131 were radio-
tagged (at one site per region).

• Experiments comparing five different releasing 
techniques.



www.Perdixnet.org





From general guidelines…



…to detailed suggestions



The loop with the political 
and economic systems 
was closed, making the 

project viable



SAKER FALCON MANAGEMENT IN 
KAZAKH

Example of decision-support at central level, based on a vertical 
network and via provision of user quotas from harvest models



Scientific challenge

• Estimate harvesting quotas for Saker falcons

• Impact: species conservation and 
improvement of economic system



Survival rates

 Original 
Kazakhstan 

Data 

European 
Plausible 
Survival 

Asian 
Plausible 
Survival 

survival rate to 9 months 23% 50% 50% 

survival rate 10-21 months 82% 65% 65% 

survival rate 3+ year 82% 80% 80% 

expected breeding rate for single adult 65% 57% 42% 

young produced per pair that lay eggs 3.10 2.20 3.00 

harvest rate of juveniles 0% 0% 0% 

 









COMPLEXITY AND AGENT-BASED 
MODELS (ABM) FOR DECISION-
SUPPORT

Dealing with complex, non-linear systems



Complex  ≠   Complicated

Complicated is an extrinsic property – understand the parts, follow 

instructions and the result will be predictable

Complex is an intrinsec property. Understand the parts fully and you’ll 

still likely have a very poor understanding of the whole.



Easy

vs

Complicated 
(for a non-mechanic!)

Complicated is opposite of easy



What is a complex adaptive system?

(i.e. living systems)





Complex adaptive systems

Defined based on three characteristics:

1) Autonomous agents (individual, group, bank, idea)

2) Local interactions (ex. cooperation, competition)

3) Autonomous selective process (ex. natural selection)

A complex adaptive system often responds to stimuli in 
non-linear, sometimes counter-intuitive, ways. 



COMMON BUZZARD IN SOUTHERN 
UK
Multi-level conservation based on scenarios



Scientific challenge

• Which land covers provide important resources for 
buzzards and how do individuals structure their home 
ranges?

• What factors limits buzzard densities?

• What buzzard densities are expected under different 
landscape scenarios? (management, climate, etc…)

• Impact: buzzard conservation and as proof-of-concept 
for building scenarios for other species



Data

1. 72 common buzzards 
radio-tracked 
between 1990-1995 
in southern Britain

2. 1990 land cover map 
of Great Britain



RADA ABM RADA-IBM

Home range 
structure

Agent-based simulation Across-scale 
population prediction

The modeling approach

Mapping + Radio-tracking



Ecologia para manejo integrado da paisagem

Arraut, Walls, Macdonald & Kenward (em submissão). Gavião comum virtual 
colonizando uma paisagem real. 



S1 – Dec-wood to agric
Density = 1.13 ind/km2

C – current
Density = 1.74 ind/km2

S2 – agric to meadow
Density = 2.01 ind/km2



S1 – Dec-wood to agric
Density = 1.13 ind/km2

C – current
Density = 1.74 ind/km2

S2 – agric to meadow
Density = 2.01 ind/km2



LAND MANAGEMENT SCENARIOS 
IN FRANCE

Building land management scenarios based on multiple 
viewpoints



Their problem

Common problem: pine encroachment

(Etienne et al. 2003)



Scientific challenge

• What is the best way to combat pine 
encroachment?

• Impact: improve land management and 
relationship between local people



The agents (actors)

Timber harvester

Park ranger

Sheep farmer



Steps

1. Built a first version of the ABM

2. Presented ABM to local community, acquired input 
about rules and possible management scenarios, 
and then updated ABM

3. Transformed ABM into role-playing game and 
played it with real agents

4. Created final version of ABM – results were 
welcomed by people



Foresters’ scenario



They also pointed out that the intensity of currently 
observed process demonstrated that sheep farmers were 
unable to manage correctly their rangelands.



Sheep farmers scenario



Conservationists’ scenario



Joint scenario



• The elaboration of this set of perceptions through 
a step-by-step approach helped the participants 
to understand that their views were all 
legitimate but also subjective and partial. 

• Beyond the classical use of modeling as a 
decision support to control a system, agent-
based models are also powerful supports to 
adaptive learning processes. 



Main messages

• Modeling is a valuable tool for conservation 
because it helps answer questions beyond 
human capabilities and connect people.



QUESTIONS TO THE AUDIENCE



Think about criteria to choose study 
cases for SA

1) Falconry!

2) What else? Desired characteristics?
– Public appeal, expected impact

• How could we go viral? (as opposed to spending tons of time, money and saliva trying to 
convince people…)

– Historical and current contexts?

– Funding possibilities?

– Data availability?

– Probability of success?

– ?



Obrigado!


