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¢ Collection data

e Ecological niche data

¢ Ecological niche model data
¢ Socio-economic data

¢ Socio-demographic data

¢ Phenotypic data

¢ Vegetable and crop cover

* Geographical data

¢ Medical and public health data...

The data are represented in space and
time — spatial data mining

Two co-occurrences

No co-occurrences

ab |a

b

- |-

—

One co-occurrence

5a 2b

| Choose a spatial resolution: give everyone one vote there.
| The “Senate” versus the “Congress” approach!
| A1 1 3 1 23 186 1 1 4
A2 0 1 0 23 18.6 1 114
A3 r 0 2 0 27 187 1 1 1
o™ [) 4 o 27 187 1 B
A5 0 2 1 27 18.7 1 113
AB 2 5 2 237 18.7 1 112
AT 0 1 o 23.3 184 1 1158
AB 1] 2 0 228 18.8 1 1 3
MQ 1 3 1 228 18.8 1 1 1
A10 L] 1 0 228 18.8 o 1 1
AN 0 L] o 228 18.8 o 1 1
A12 1] 1] o 228 18.8 o 1 2
A13 0 0 o 228 18.8 o 0|4
Al4 0 0 0 228 18.8 0 0|3
Al5 0 2 0 228 18.8 o 1 4
A16 0 1 0 228 18.8 o 1 2
AT 0 0 0 228 18.8 o 1 1
Al8 L] 0 0 228 18.8 o o 1
:> N(ab)/N(b)
=P(a|b)

1. For a given class C and set of predictors X, partition a region of space, R, and interval of time,
T, into cells, a, to form an ensemble £ of N cells

2. Convert all variables C, X; € X into a set of binomial variables X;; on &, i.e., at the same spatial
and temporal resolution

NP o R

For each cell a, determine the presence/absence of each X;;(«)

Define co-occurrences (C(a), Xij(a), (Xij(a), Xirjr(@)) ... (C(e), Xij(a), Xirj (),...) on a cell a
Count on &, N(C), N(Xi;), and the co-occurrences N(CX;;), N(CX;; X ;) etc.

Calculate P(C), P(Xij;), P(C|Xij), P(X4;)|C), P(X:;Xirj), P(C|Xi;Xirj0) ete.

Generate a Bayesian classifier P(C|X)
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What is my ensemble? 2479 Mexican municipalities

What are my C? The 10% of municipalities with the highest...

1. Loss of forest cover in 2020 in total number of hectares of the municipality Extensive
2. Percentage loss of forest cover in 2020 relative to the municipal area Intensive
3. Percentage loss of forest cover in 2020 relative to the municipal forest cover in 2000.  Intensive

What are my X? * 98 interval variables divided into 6 types: 39 Social, 19 Economic, 18
Governmental, 19 Climatic, 2 Forest cover, 1 Area.

* Extensive and intensive predictors considered: e.g., “Population in
extreme poverty” vs. “% of population in extreme poverty”

e Allvariables are mapped to the municipal level

* Municipalities are rank ordered for each variable and divided into deciles
to determine 10 features. In total we have 1058 features.

*  Two Mexican Government programs considered “Sembrando Vida” and

'SEMBRANDO . “Pago por Servicios Ambientales (PSA)”
La pobreza rural
busca atender ';fn‘z,?gr:f:]adé"

dos problen}as
centrales . . eys . . .
PSA: This program aims to promote the recognition of the value of the environmental services provided

€ by forest, agroforestry ecosystems and natural resources, in addition to supporting the creation of

markets for these services through various programs that have been evolving in the current decade.

%gl These programs support communities, ejidos, Regional Forestry Associations, and forest landowners.
= https://www.gob.mx/conanp/documentos/pago-por-servicios-ambientales-en-areas-naturales-protegidas

Rescatar al Regenerar el Reactivar la
campo tejido social economia
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What is my P(C| X)?
P(CIX) = P(CIXy, Xgyrs Xag) X = (X, Xgerr, Xgg) Himmmsivmm=

As a number this can tell us the where and when of deforestation. It won’t tell us the “why”.

For the Decision Cycle we need to know the “whys” - which X, are:

* Important

Believable (statistically)

Causal (direct, indirect, very indirect,...)

Actionable (is it a variable we can change, e.g., climate = no, government program = yes)

Use a Bayesian approach: P(C|X) = P(X|C)P(C)/P(X). And then P(C|X,X’) =
P(X"|C,X)P(C|X)/P(X"|X). And then...

P(X|C) = Hﬁ‘il P(&;|C) Assume a factorization of the likelihood (weight of evidence)

P(CIX)

Importance ©
P(C
»(C[X) )

S<CIX)=1n< >= HiSi+So. 5= InPEIO/PEIO). 50 = In (55

e(C1&) = N(&)(P(CIE) — P(C))/N(E)(P(C)(1 — P(C))  Sofar, so good using “Al”
Believability

Let’s start simple with M = N: Total factorization — Naive Bayes approximation
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Believability Importance

(XL) Table 1: Top/bottom: most predictive drivers in ha Null hypoth esis
P (X l) - Most significant niche drivers for deforestation in ha
N Bin Description range e(C|Xi;) s(Xi;) P(C|Xy) P(C)
N(CXi) pl0  Forest area 2000 (ha) 46 167.49 : 137 9018.17 21.15 221 051 0.10
P (X. | C) - 7 pl0  Sembrando vida program 2020 (mdp) 44 698 : 955 155 16.10 255  0.59 0.10
t N(C) pl0  Sembrando vida program 2019-2020 (mdp) 72 869 : 1 863 655 15.65 2.49 0.58 0.10
pl0  Sembrando vida program 2019 (mdp) 58 515 : 908 500 14.89 3.70 0.82 0.10
P(X.\C _(N(X;)-N(CX;)) pl0  Precipitation of the driest quarter(mm) 92 . 577 14.76 171 038 0.10
( i | )_ pl0  Precipitation of the driest month (mm) 26 : 166 14.55 1.70 0.38 0.10
(N_N(C)) pl0  Population lacking access to basic services in housing  23300.5 : 220919 14.55 1.70 0.38 0.10
P (C) = N (C)/N pl0  Precipitation of the warmest quarter (mm) 510 : 1330 14.34 1.68 0.38 0.10
pl0  Precipitation of the coldest quarter (mm) 148 : 976 13.92 1.64 0.37 0.10
pl0  Annual precipitation (mm) 1400 : 4887 12.86 1.56 0.35 0.10
p09 Mean temperature of the wettest quarter (°C) 27.37: 28.35 12.44 1.52 0.34 0.10
Y7; . . ” p01  Precipitation Seasonality (%) 39.7 : 59.58 12.23 1.50 0.34 0.10
Th e “Bu il d INg Bl OC kS pl0  Precipitation of the wettest month(mm) 208 : 885 11.60 145 032 0.10
pl0  Precipitation of the wettest quarter (mm) 788 : 2561 10.97 1.39 0.31 0.10
p02 Mean Diurnal Range (°C) 11.54 : 12.97 10.75 1.37 0.31 0.10
pl0  Minimum temperature of the coldest month (°C) 16.1 : 22.2 10.75 1.37 0.31 0.10
pl0  Mean temperature of the coldest quarter (°C) 23:27.8 10.12 1.31 0.30 0.10
p09  Forest area 2000 (ha) 22 153.50 : 46 167.49 9.99 1.31 0.29 0.10
pl0  Percentage of forest area 84.73 : 99.23 9.95 1.30 0.29 0.10
Note that all the top pl0  Mean Divenal Range (°C) 2.05 : 11.54 9.70 128 0.29 0.10
. . Most significant anti-niche drivers for deforestation in ha
d rivers are extensive p02 Population lacking access to basic services in housing 409 : 866 -5.26 -8.62  0.00 0.10
p02 Population with at least three social deficiencies 422.5 1 973 -5.26 -8.62 0.00 0.10
p01  Municipality area (ha) 221 : 3 400.80 -5.28 -8.62 0.00 0.10
p09 Mean Diurnal Range (°C) 17.68 : 18.33 -5.28 -8.62  0.00 0.10
pl0  Mean Diurnal Range (°C) 18.33 : 20.98 -5.28 -8.62  0.00 0.10
p02 Mean Temperature of Driest Quarter 12.65 : 14.53 -5.28 -8.62 0.00 0.10
p01  Annual Precipitation (mm) 44 : 240 -5.28 -8.62  0.00 0.10
p02  Annual Precipitation (mm) 17.68 : 18.33 -5.28 -8.62  0.00 0.10
p01  Precipitation of Wettest Month 9: 48 -5.28 -8.62 0.00 0.10
p01  Precipitation of Wettest Quarter (mm) 20 : 125 -5.28 -8.62 0.00 0.10
p06  Precipitation of Driest Quarter (mm) 23: 29 -5.28 -8.62 0.00 0.10
p0l  Precipitation of Warmest Quarter (mm) 3: 110 -5.28 -8.62 0.00 0.10
p01 Total population 81 : 1598.50 -5.28 -8.62 0.00 0.10
p01 Population with at least one social deprivation 75 @ 1462 -5.28 -8.62 0.00 0.10
p00  Sembrando vida porgram 2019-2020 (mdp) 0 -7.31 -0.90  0.04 0.10
p00  Sembrando vida 2019-2020/ municipality area 0 -7.31 -0.90 0.04 0.10
p00  Sembrando vida 2019-2020/ Forest area 0 -7.31 -0.90  0.04 0.10
p00  Sembrando vida 2020 (mdp) 0 -7.37 -0.90  0.04 0.10
p00  Sembrando vida 2020 / municipality area 0 -7.37 -0.90  0.04 0.10
p00  Sembrando vida 2020 / forest area 0 -7.37 -0.90  0.04 0.10

What about causality? What about actionability?

|
S, .

oblongata

RO TRANSVERSAL PARA LA UNAM




What about causality?

Strength (effect size): A small association does not mean that there is not a causal effect, though the
larger the association, the more likely that it is causal. Bradford Hill 1965

The bigger the score the more likely that it is causal

For two potential causes represented as binary variables we have:

P(C|11), P(C|10), P(C|01), P(C|00)

“AB testing” — look for where cause 1 is present without cause 2, and vice versa, where
they're both present (to look for “epistasis”) and where they're both absent (to look
for other causes)

o

e(C1Xi; Xur) = N XisXu)(P(CI X5 Xw) — Par) P, = P(C), P(C|Xi;) and P(C|Xw)
i VN (Xij Xx1) Pan(1 — Pan))

This will tell us whether the associations are statistically significant

Probability to be in high deforestation class in p10 Annual temperature

range (Nichel!) as a function of Sembrando vida program Probability given you’re in climatic niche
conditions and you don’t care about the
rcivioore_ ) [ < program (marginal probability)
Probability given you’re in climatic niche
retbicorp i evoo [ < conditions and NO program support

crseons oo [ - Probability given you're in climatic niche
conditions and HIGH program support

o] 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
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HOW gOOd are the mode|s? Very good, but you’re only as good as the

predictability of the data you’re working with

Testing Model Performance in Deforestation (ha)

1.00

0.75

Drivers

® Social (AUC = 0.79)
Economic (AUC = 0.70)
Political (AUC = 0.75)
Climatic (AUC = 0.84)
All (AUC = 0.89)

0.50

Sensitivity

0.25

Note that the model for C =top 2%
is avery predictive . . . .
niche factor, while climate isn’t of mumCIpaIItleS with most
deforestation has AUC = 0.98!

0.00 .

0.00 0.25 0.50

0.75 1.00
1 - Specificity
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We can use our Bayesian classifier to create a regression model for any continuous
variable Y(X), such as area deforested, by regressing on S(C| X):
Example: Y(X) = F(S(C|X)); Y(X) = Area lost as a percentage of municipal area

31098

y=0.46+0.0036 x

Can get the profile X = (X, X,,..., Xqg) for each and every o
municipality to understand why it is low or high % loss

30867
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score_mun2

oefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.4585040 0.0106426 43.09 ~ <2e-16 *** i
kcore_mun2  0.0036013 0.0001054 34.18 <2e-16 *** Why are these municipalities

- oy n H
Lianif. codes: 0 “**+ 0.001 “**' 0.01 ‘** 0.05 *.” 0.1 * * 1 [EEACUNECECEsEIlE

ion?
Residual standard error: 0.3143 on 2467 degrees of freedom deforestations

ultiple R-squared: 0.3214, Adjusted R-squared: 0.3211
-statistic: 1168 on 1 and 2467 DE, p-value: < 2.2e-16
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SPECIES is an interactiye tool for the analys1s,of

«.__ecological.niches and the potential distribution of
predicted species.

_
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What is Chilam Lab?

Chilam lab aims at harvesting and integrating data from a wide spectrum of sources and disciplines. These data are the foundation of virtual laboratories

that allawr analucina Aata: cimiilata adantiva + and Aaci sirtiial avnarimante ta tact hunnthacace

Chris Stephens: stephens@nucleares.unam.mx

Work in collaboration with: Constantino Gonzalez Salazar, José Garcia, Romel
Calero, Pedro Romero Martinez, José Luis Gordillo, Gabriel Garcia

And the rest of the CHILAM (SPECIES, EPISPECIES, EPIPUMA, PROYECTO42,...) team
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   ∏  i = 1 M  P (  𝜉 i | C )


  S  ( C | X ) =   ln ⁡   (    P  ( C | X )  P  (   C - | X ) ) =  ∑  i = 1 M   S i +  S 0


   s i = ln ⁡ ( P (  𝜉 i | C )


  P (  𝜉 i |  C - ) )


   s 0 =   ln ⁡   (    P  ( C )  P  (   C - ) )


  𝜀  ( C |   𝜉 i ) = N (  𝜉 i


   𝜉 i ) − P ( C ) ) /   N (  𝜉 i ) ( P ( C ) ( 1 − P  ( C ) )


  P  (   X i ) =   N  (   X i ) N


  P  (   X i | C ) =   N  (  C  X i )  N  ( C )


  P (  X i |  C -


    ( N  (   X i ) − N  (  C  X i ) )  ( N − N  ( C ) )


  P  ( C ) = N ( C ) / N

