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Objective and ideas

We focus on different spatial nested levels: (i) Congo Basin, (ii) country, (iii)
region, (iv) village, ...

Objective:

modeling the evolution of activities in time and space at each level and their
interactions subject to global objective constraints.



Objective and ideas: graphical representation
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.
Objective and ideas: graphical representation
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Example: One country, three villages

@ a country aims to reach:

30 % crop, 50% of (natural or secondary) forests, and 20 % dedicated to
others.

@ 3 villages with relative surfaces ¢, = ¢(1/2,1/3,1/6), with following
activities

activities || p,, P» Py | Observed: pd | target: p}

Crop 10% 30% 27% 19.5% 30%
Forests 65% 51% 23% 53.3% 50%
Others 25% 19% 50% 27.2% 20%

Question 1:
Find an efficient way to distribute pj into the 3 villages
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Example:

Solution 1;
Minimal effort

@ Minimal effort
v K
p* _ (pT7 o ’p"(/) = arg mﬂin Zév Z ||7Tkv - pgvH/
v k

where [|x||; is the L;-norm (distance).

@ under the following constrains:
@ global constraints

v
E Oy = Prke
v=1

@ probability constraints

K

> me=1 and py € [Mine, maxi],
k=1

where miny, > 0 and maxy, < 1 are defined by users.
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Objective and gradient functions

Obijective function

Rewritting the objective function and constraints, the problem can be
expressed as:

V—1

K—1 K—1
) = S0 | D0 lmew — Pl + 11D (e — PRI
v k=1 k=1
K1y V-1 1 V—1 K—1
+ov | Dol | Pe = D dvmie | =Pl + 1= | e — Do 0w [ 1= D mie — Prvlli
k=1 dv v=1 bv v=1 k=1

with (K — 1)(V — 1) free parameters and py, € [min,, max,|

The gradient functions (first derivatives) as well as R code have been written.
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Example: Minimal effort and Conditional chain rule

vi Il v2 Il v3
0.6 P * *
activities H pV1( Pvy (PVZ) Pvy (PV3)
Crop 10% (20.5%) 30% (40.5%) 27% (37.5%)
Forests 65% (61.7 %) 51%(47.7%) 23% (19.7%)
o Others 25% (17.8%) 19% (11.8%) 50% (42.8%)
.'g; type
S04l i
204 - observed
2 - target
2
g
o
024
Ciop  Forest Others  Crop Forest Others  Crop  Forest Others
Activity
Question 2:

Modeling the observed dynamics of the activities for each village
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Example: dynamics in one village p2

Solution 2: Multivariate autoregressive process

Consider the following transformation:

s - (mn(2) ()

at the village level, the “observed” dynamics is assumed to be modeled by a
vector autoregressive model of order one (VAR(1)).

K—1

ot Avt) = o + Y Biép(t +ZG’ (t+ Avt) + et + At)
1=1

where 5 and 6 are unknown parameters associated to previous activities and
environmental covariates, and ¢ is a logistic-Gaussian process such that
CoV (ex(7), kv (7")) = okkry if 7 = 7/ and 0 elsewhere.
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Example: dynamics in one village p°
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08 Dynamics of the first village
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Example: dynamics in one village p°

Dynamics of the first village

s natural dynamics do not
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Question 3:
Modeling the stimulus process
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Construction of stimulus process

Solution 1:
mixture modeling approach

at the village level, objective is to reach p;}
Stimulus processes can act on 3 parameters.

@ estimate parameters 3: f(3) = N (8, peta)
@ for one observed time, and objectives p%, calculate

K—-1

B*(t) suchas ¢(pk,) =&k = 1+ Y Bi(t)én(t)

=1

under constraints that:
& =n+p8¢
The Stimulus process is defined as a p such that:

N

BSIM = px B*+(1—p) x B
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Example: modeling stimulus process

5*
fp=1 and u=c(1.91,1.19) and 056 0.15
-0.87 0.24

Dynamics of the first village
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Multiscale generalization: country with its own
dynamics

Each country is assumed to be divided in two areas:

Intermediate levels
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dynamics on activities at the country level

"4
PRe(T + Do) = <5ch > 6upR (7 + AcT) + 5C\Vp20\v(r)> @ (T + AeT)

v=1
and

K—1

52\\,( ) Hke\v + Z wlkglc\v AcT + Z ec\v r + Ckc( )
1=1
novelty at the country level:
@ p. can deal with more activities, such as mines, ...

@ country able to act on relative surface of each village §, by increasing or
decreasing it.
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Questions that need to be answered

If you agree with the dynamics models,

@ Are there any data available to fit the model? In what format are they
available? Can they be used now ?

@ Who will help us for the analysis? Calibration, validation...

@ Who will takes care (with us) of the programming/coding? Relevant R
packages exist, some simple code are available, but the bulk of the work
remains to be done

© how to calibrate p, 8*, or &?



