GLMP of deforestation evolution in

municipalities of the Amazon region

April 17, 2017

This document describes in depth the Granular Linguistic Model of Phe-
nomena (GLMP) for the work related to deforestation in the Amazon region.
Section 1 presents the GLMP with all the new contributions developed in this
work. Section 2 presents the same GLMP without the new contributions devel-
oped in this work.

1 GLMP for Advance Reports

1.1 GLMP for analyzing the level of deforestation
1PM, = (U4, Yd, 9d, Tu), where d stands for deforestation and:
Uy = (year, percentage of deforestation, percentage of cloudiness)

Ya = (Aa, Waa, Raa, Ba, Wpa) where:

Aq = (zero, near to zero, very low, low, moderate low, moderate, mod-
erate high, high, very high)

WAd = (wAdzero7 wAdnaa,r to zero? wAd'very low? wAdlow’ wAdm,oderate low? wAdwtoderate’

WAdmoderate night WAdnighy WAdyery high,)’ with Wad; € [071]

Rad = (TAdeero = 1 TAdpear 10 2ero = b TAdyery 1ow = b TAdpw = 1

rAdmodeTate low = 17 TAdmoderate = 17 rAdmoderate high = 1’ rAdhigh, -
1, TAdyery nigh — 1)

By = (low, moderate, high)

WBd = (WBdyp> WBdmoserare» WBdpign ), With wpa, € [0,1]

gd -
gw.: SFP(zero=triangle r (0, 0,0.001), near to zero=triangle p (0,
0.001, 0.1), very low=triangley;r(0.001, 0.1, 15), low=trianglen; (0.1,
15, 30), moderate low=triangle (15, 30, 45), moderate=triangle (30,
45, 55), moderate high=trapezoidy r(45, 55, 60, 70), high=trapezoid s ¢ (60,
70, 80, 85), very high=trapezoidy (80, 85, 100, 100))



gwy: SFP(low=trapezoidy r(3, 10, 100, 100), moderate=trianglep r (0,
3, 10), high=trapezoidpr(0, 0, 0, 3))

NOTE: SFP stands for Strong Fuzzy Partition. triangleyr is a
membership function with triangular shape and three parameters (a, b,
¢) determining the vertices of the triangle. trapezoidysp is a membership
function with trapezoidal shape and four parameters (a, b, ¢, d) determin-
ing the support (a-d) and the core (b-¢) of the trapezoid.

T, : “The deforestation in {year} was {zero | near to zero | very low | low |
moderate low | moderate | moderate high | high | very high}. Because
of the cloudiness, the reliability of this information is {low | moderate |
high}”.

2PMpgy = (Ugd, YEd, 9pd, Trd), where Ed means that this is an Emphatic
Perception Mapping related to deforestation:

Urd = (CPi2000, CPa2001, CPai2002, CPa2003, CPi2004, CPa2005, C Pa2006, CPa2007,
CPa2008; CPa2009, CPa2010, CPa2011, CPa2012, CPa2013, CPi2014)

Yyed = (Ard, Wagd, Ragpd, Bed, WpEa) where:

Agd = (@Edy, QEdys -5 QEdssrer)- Note that the linguistic expressions
in Agg are combinations of n elements taken m at a time being
n=15 (the number of elements in Ugy), m={1, 2, ..., 15}, where
agd, is the first combination that contains the first element in Ugg:

apd, =(CPi2000)-
Wagd = (WAEd,, WAEdys - - - » WAEdsar67)s With waga, € [0,1]
Raga TARd, = 1, TAEd, = 1, ..., TAEdgsrgr = 1)

= (
Bga = (low, moderate, high)
= (

Wepd = (WBBdi., = 0, WBEdmoerare = 0 WBEd, 0 = 1)
9Ed
gw,: We look for combinations of elements in Ug4, with the greatest
possible number of elements having w;,, > 0.5. We set the validity degree
of this combination to the maximum value (w,,, = 1).
Trq @ “Because of the cloudiness, the reliability of our assessment about the

level of deforestation in {yeary, ... and year,,} is lower than the one we
could obtain with sunny weather”.

2PM;q = (Usa, Y1d, 914, T14), where Id means that this is an Integrative Per-
ception Mapping related to deforestation:

Ura = (CPi2000, CPa2001, CPa2002, CPa2003, CPa2004, CPa2005, C Pa2006, CPa2007,
CPa2008; CPa2009, CPa2010, CPa2011, CPa2012, CPa2013, CPi2014)

yrda = (Ara, Wara, Rard, Bra, Weiaq) where:



AId = ( (QT17 QL1)7 ceey (QTU QLg)u (QTQ’ QLl)u ceey (QT27 QL9)7 “eey
(Qrs, QLy), -+, (Qry, QL,)), being Qr=(one, two, three, several,
most, all) and Q=(zero, near to zero, very low, low, moderate low,
moderate, moderate high, high, very high)

Wara = (warq,, = (one, zero), ..., ward,, = (one, very high), ward,, =
(two, zero), ..., Wardy,, = (two, very high), ..., waras, = (all, zero),
-y WALdgy = (all, very high)), with warq,; € [0,1]

Rara = (wara, =1, ..., wardyy = 1, Wara,, =1, ..., wardyy = 1, ..,
WALdgy = 1, -y WALdgy = 1)

B4 = (low, moderate, high)

Wird = (WBIdjw = 0, WBIdyegerare = 0s WBIdyign = 1)

gid -

gw,: For each level of deforestation determined by the index j, i.e.,
Aq= (aq,, ad,, .., aq,), we calculate the percentage of years contained at
each a—level (N,;), with o € A= (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
1), as follows:

1 K
Noj = 22 > Falw, ) 1)
k=1

where F,(z) is defined by (2), and wg, [k] is the validity degree of C'Py,
which is calculated for each year (k) being K the total number of evaluated
years of each municipality.

Fa(z):{ 1 if 2>«

0 if z<a« (2)

Then, we calculate the membership degree of each N,; to each element
in Qr, e.g., pgr, (Naj) = one(Nyj). The shapes of these linguistic labels
are determined by the total number of years K. The related SFP is
as follows: (one=trapezoidy (0, 0, 0.1, 0.2), two=triangley r(0.1, 0.2,
0.3), three=trianglep (0.2, 0.3, 0.4), several=triangley (0.3, 0.4, 0.6),
most=trapezoidy r(0.4, 0.6, 0.99, 1), all=trianglep; (0.99, 1, 1)).

The last step is to calculate the average value of the membership degrees
obtained for each av—level using (3). The cardinality of the set A (JA| = 10)
represents the resolution degree.

1
Wrd,;; = X Z HQr, (Naj) (3)
| |Vo¢€A

This final value contains the relevant information about the amount of
years with (zero, near to zero, very low, low, moderate low, moderate,
moderate high, high, very high) deforestation level.



T[d :

If the combination of linguistic expressions in C Pr4 with the greatest
validity degree is Arq4,, = (all, zero), then the generated sentence will be:
“Results show that in the last fifteen years there have not been deforesta-
tion”.

Otherwise, we apply the following linguistic template: “Results show
that {the greatest Qr} the deforestation level was {the greatest Qr}, and
besides, {the second greatest Qr} the deforestation level was {the second
greatest Qr}”.

1.2 GLMP for analyzing the increment in the level of de-
forestation

1PM; = (U;, i, 9i, T;), where i stands for increment and:
U; = (the year, the increment in the percentage of deforestation)
yi = (Ai, Wai, Rai, Bi, Wg;) where:
A; = (near to zero, very low, low, moderate, moderate high, high, very
high)

Wai = (wAinear to zero? WAiyery towr WAiowr WAipederater WAimoderate high?
WAipighs WAiyery h,igh)a with wai; € [07 1]

Rai = (Mdinear 1o wero = b TAivery tow = 1 TAitgw = 1y TAipouerare = 1
T Aimoderate high — 1, TAinign = 1, TAivery nigh — 1)
B; = (low, moderate, high)
Wgi = (wBilow = O’wBimodemte = vaBngh = 1)
gi -
gw..: SFP(near to zero=trianglen (0, 0, 0.1), very low=triangle yr (0,
0.1, 15), low=trianglep; (0.1, 15, 30), moderate=trianglep r(15, 30, 45),

moderate high=triangley r(30, 45, 60), high=trapezoidy r(45, 60, 70,
80), very high=trapezoidy; r(70, 80, 100, 100))

T; : “The increment in the deforestation in {year} was {near to zero | very low
| low | moderate | moderate high | high | very high}”.

1PMinae = Uimazs Yimaz, Jimazs Limaz ), Where imax means mazimum incre-
ment and:

Uimaz = (year, deforestation increment)
Yimazx = (Aimam7 WAimaza RAimaxa Bimaaﬁa WBimax) where:

Aimam = (yesv HO)

W aimaz = (wAi7nazyes7 wAimawno)a with W Aimaz,; € [0, 1]



RAima;xz = (rAimawyes = 17 TAimazn, — 1)
Bimaz = (low, moderate, high)

WBimaw = (wBimaa:low = O7wBimaa:modETatc = OawBimaa:high = 1)

Jimax

gw,: For each Ujpas, we create a new CPinae With waimaz,., =1
and WAimaz,, =0, in case of local maximum. Otherwise, wimaz,.,=0 and
wAimaacnO:L

Timaz : “The increment in the deforestation in {year} {was | was not} a max-
imum”. Notice that we select {was} when the validity degree associated
to the linguistic expression yes is equal to 1 and {was not} in the other
case.

1PMnin = (Uimins Yimin, Jimins Limin), Where émin means minimum incre-
ment and:

Uimin = (vear, deforestation increment)
Yimin = (Azmzn; WAiminy RAimin7 Bimin7 WBimin) where:

Aimin yes, HO)

W Aimin = WAiminges s wAiminno)v with W Aimin; € [O, 1]

(
(
Raimin = (TAiminge. = 1, TAimin,, = 1)
(low, moderate, high)
(

WBimin = (WBiminiew = 0y WBiminmoqerare = 0> WBiminyiyn, = 1)
Gimin
gw,: For each Ujmin, we create a new CPipin With waimin,., =1
and W Aimin,, =0, in case of local minimum. Otherwise, wAimin,., =0 and
wAiminnOZL

Timin @ “The increment in the deforestation in {year} {was | was not} a min-
imum”. Notice that we select {was} when the validity degree associated
to the linguistic expression yes is equal to 1 and {was not} in the other
case.

2PMEimaz = (UEima:u YEimazx, YEimax, TEimaz)7 where Eimazr means Em-
phatic Perception Mapping related to mazimum increment and:

Ukimaz = (CPimaz20005 CPimaz2001; C Pimaz2002, C Pimaz2003: C Pimaz2004, C Pimaz2005,
CPinmaz20065 CPimaxz2007, C Pimaz2008; CPimaxz2009, C Pimaz2010s CPimaa2011,
CPimax2012a CPimaxQOlBa Cpima:c2014)

YEimax = (AEimaara WAEimazs RaEimazs BEimaz, WBEimaw) where:



Agimaz = (@Bimaz, s OEBimazys - - -y CEimazserer )- 1NOtE that the linguistic ex-
pressions in Ag;maez are combinations of n elements taken m at a
time being n=15 (the number of elements in Ugimas), m={1, 2, ...,
15}, where agimaz, is the first combination that contains the first
element in UEimax: aEimaxlz(CPimax2000)~

WAEimaw == (wAEimazp WAFEimazas -+ -5 wAEima;E32757)a with WAEimaz; c [Oal]
RAEima:r = (TAEima:vl = ]-7 TAEimaxs = ]-7 -+ +y TAEimaxsorer — ]-)
BEgimaz = (low, moderate, high)

WBEima:L’ = (WBEimaziow — O7wBEimaIdeETatc = waBEimaa:high = 1)

9Eimax
gw,: We look for combinations, with the greatest possible number
of elements having waimaz,., = 1 and increment > average increment.
We set the validity degree of this combination to the maximum value
(wAEimax = 1)

TEima:r
If the combination with the greatest validity degree contains more
than one CPjar (m > 1), then we apply the linguistic template: “the
relevant maximum values in {year1}, ... and {year,,}”.

Otherwise, we apply the linguistic template: “the relevant maximum
value in {year}”.

2PMEgimin = (Uimins YEimin> 9Bimin, TEimin), where Eimin means Emphatic
Perception Mapping related to minimum increment and:

Ukimin = (CPimin2000, CPimin2001: C Pimin2002, C Pimin2003; C Pimin2004; C Pimin2005,
CPiminQOOG, Cpimin20077 CPiminQOO& CPiminQOOQa CBminQOlOa Cpimin201la

CPimin2012» C-Pimin20137 CPimin2014)
YEimin = (AEimin, WAEimin, RABimin, BEimin, WBEimin) Where:

AEBimin = (QEiminys CBimings -- > GEiminssrer)- 1NOtE that the linguistic ex-
pressions in A g;mqn are combinations of n elements taken m at a time
being n=15 (the number of elements in Ugimin), m={1, 2, ..., 15},
where agimin, 1S the first combination that contains the first element
in Ugimin: @gimin, =(C Pimin2000)-

Wagimin = = (WAEimin,» WAEiminas - - - s WAEimingsrer)y With WABimin,; € [0,1]
RAEimin = (TAEiminl =1, TAEiming = 1, ..., TAEimingarer — 1)
BEimin = (low, moderate, high)

(
(

WBEiminigw = 0y WBEiminmoqerate = 0> WBEimingign = 1)

WBEimin



9Eimin

gw,: We look for combinations, with the greatest possible number of

elements having waimin,., = 1 and increment < average increment. We
set the validity degree of this combination to the maximum value (w4 gimin
=1).

TEimin

If the combination with the least validity degree contains more than

one CPpin (m > 1), then we apply the linguistic template: “the relevant
minimum values in {year;}, ... and {year,,}”.

Otherwise, we apply the linguistic template: “the relevant minimum

value in {year;}”.

2PMg;
ping related to increment:

= (Uci, yoi, 9ci, Tei), where Ci means Comparative Perception Map-

Uci; = (CP;,, CP,,), being CP;, the supreme minimum and C'P;, the supreme
maximum.

yoi = (Aci, Waci, Raci, Bei, Wacei) where:

gci

Ac; = (much lower than, lower than, similar to, greater than, much

greater than)

Wac: = (wACimuch tower than? WACiower thans WACisimitar tor WACigreater than?

wACinluch greater than)’ Wlth wAClz e [07 ]‘}

Raci = (TAC'imuch tower than = L TACiigwer than = L TACicimitar 1o = b,

rAC’igreater than 17 TACimuch greater than

Be; = (low, moderate, high)

Wgci = (WBCi, = 0, WBCipmogerare = 0s WBCip = 1)

gw,: a set of fuzzy rules which makes a comparison between two

different instances of the same CP as follows:

R1:
R2:

IF A,;l is near to zero AND A,;2 is near to zero THEN CP¢; is similar to
IF A;, is near to zero AND A;, is very low OR low OR moderate THEN CPc; is

greater than

R3:

IF A;, is near to zero AND A;, is moderate high OR high OR very high THEN C Pc;

is much greater than

R4:
R5:
R6:
R7:

IF A;, is very low AND A;, is near to zero THEN CPc; is lower than

IF A;, is very low AND A;, is very low THEN CPc; is similar to

IF A;, is very low AND A;, is low OR moderate THEN CPc; is greater than

IF A;, is very low AND A;, is moderate high OR high OR very high THEN CPc;

is much greater than

R8:
R9:

IF A;, is low AND A;, is near to zero OR very low THEN CPc; is lower than
IF A;, is low AND A;, is low THEN CPg; is similar to

R10: IF A;, is low AND A;, is moderate OR moderate high THEN CPc; is greater than



Tc;

R11: IF A;, is low AND A;, is high OR very high THEN CPg; is much greater than
R12: IF A;, is moderate AND A;, is near to zero THEN CPc; is much lower than
R13: IF A;, is moderate AND A;, is very low OR low THEN CPc; is lower than

R14: IF A;, is moderate AND A;, is moderate THEN CPc; is similar to

R15: IF A;, is moderate AND A;, is moderate high OR high THEN CPc; is greater than
R16: IF A;, is moderate AND A;, is very high THEN CPc; is much greater than

R17: IF A;, is moderate high AND A;, is near to zero OR very low THEN CPc; is much
lower than

R18: IF A;, is moderate high AND A, is low OR moderate THEN CPc; is lower than
R19: IF A;, is moderate high AND A;, is moderate high THEN CPc; is similar to
R20: IF A;, is moderate high AND A, is high OR very high THEN CPc; is greater than

R21: IF A;, is high AND A,, is near to zero OR wery low THEN CPg; is much lower
than

R22: IF A;, is high AND A, is low OR moderate OR moderate high THEN CPc; is
lower than

R23: IF A;, is high AND A;, is high THEN CPg; is similar to
R24: IF A;, is high AND A,, is very high THEN CPg; is greater than

R25: IF A;, is very high AND A, is near to zero OR very low OR low THEN CPc; is
much lower than

R26: IF A;, is very high AND A,, is moderate OR moderate high OR high THEN CPc;
is lower than

R27: IF A;, is very high AND A, is very high THEN CPc; is similar to

“The supreme minimum is {much lower than | lower than | similar to |
greater than | much greater than} the supreme maximum?”.

1.3 GLMP for analyzing the acceleration in the deforesta-

tion rate

1PM, = (Ua, Ya, Ya, Ta), where a stands for acceleration and:

U, = (the previous year, the current year, the percentage of acceleration be-

Ya =

tween these years)
(Aq, Waa, Raa, Ba, Wh,) where:

A, = (zero, near to zero, very low, low, moderate low, moderate, mod-
erate high, high, very high)

Waa = (wAaze'r'o7 WAanear to zero’ WAapery 10w WAaowr WAamoderate tow? WAtmoderate?

WAamoderate nigh' WAanighs WAayery }Ligh)’ with WAa; € [Ov 1]

Raa = (TAdzero = 1, TAtnear 10 2ero = L, TAavery tow — 1, 740, = 1,
TAamoderate tow — 1, TAamoderate — 1, TA@moderate high — 1, TAanign = 1,
TAavery high — 1)

B, = (low, moderate, high)

Wpe = (wBalow = O7wBa7node'rate = O7wBam'gh = 1)



Ya
gw.: SFP(zero=trianglep r (0, 0,0.001), near to zero=triangle (0,
0.001, 0.1), very low=triangley;r(0.001, 0.1, 15), low=triangley (0.1,
15, 30), moderate low=triangle (15, 30, 45), moderate=triangle y; (30,
45, 55), moderate high=trapezoidy r(45, 55, 60, 70), high=trapezoid s (60,
70, 80, 85), very high=trapezoidr(80, 85, 100, 100)).

T, : “The acceleration in the deforestation between years { previous year-current
year} was {zero | near to zero | very low | low | moderate low | moderate
| moderate high | high | very high}”.

2PMSCL7TL(1$ = (USamaza YSamax, 9Samax, TSamaz); where Samar means Su-
perlative Perception Mapping related to mazimum acceleration and:

Usamaz 1s a vector with all C P, for a given municipality.
YSamax = (ASamaxa Wasamaz, Rasamazy BSamaz, WBSamaac) where:

Asamaz = (small, medium, high)

WASamaaj (’wASamamsma”a WASamazmedium wASamamMgh,), with WASamazx; S
1

]

TASamazgman — 1, TASamazmedium — 1, TASamaznign — 1)

0,

RASamax (
Bsamaz = <]OW7 moderate, hlgh)
(

WBSamaz = (WBSamazion — OawBSamazmodeTate = OawBSamangh = 1)

9Samazx

gw,: Firstly, we rank the elements in Usgmaz in descending order by
the acceleration linguistic labels. The first element in the list is identified
as the one with the most significant acceleration. The comparison between
pairs of instances C'P,, and CF,; is made by the next rule base:
R1: IF CP,, is near to zero AND CPQJ. is near to zero THEN CP¢y, is similar to
R2: IF CP,,; is near to zero AND CPa]. is very low OR low OR moderate THEN CPcy,
is greater than

R3: IF CP,,; is near to zero AND CPaj is moderate high OR high OR wvery high THEN
C Pcp, is much greater than

R4: IF CP,, is very low AND CPQJ. is near to zero THEN CPcy, is lower than

R5: IF CP,, is very low AND CPaj is very low THEN CPcy, is similar to

R6: IF CPai is very low AND CPaj is low OR moderate THEN C Py, is greater than
R7: IF CP,,; is very low AND CPaj is moderate high OR high OR very high THEN C Pcy,

is much greater than

R8: IF CPai is low AND CPaj is near to zero OR very low THEN CPc¢y, is lower than
R9: IF CPui is low AND CPaJ is low THEN CPgy, is similar to

R10: IF CP,,; is low AND CPQJ. is moderate OR moderate high THEN CPcy, is greater
than

R11: IF CP,, is low AND CPaj is high OR wvery high THEN C Pcy, is much greater than



R12: IF CPai is moderate AND CPaj is near to zero THEN C Pgy, is much lower than

@

R13: IF CP,, is moderate AND CPaJ. is very low OR low THEN CP¢y, is lower than

7

R14: IF CP,; is moderate AND CPC,,J. is moderate THEN CPcy, is similar to

R15: IF CP,, i
than

R16: IF CP,, i
R17: IF CPai is moderate high AND CPaj is mear to zero OR very low THEN CPcy, is
much lower than

R18: IF CPa,i is moderate high AND C’Paj is low OR moderate THEN CPcy, is lower
than

R19: IF CPai is moderate high AND CPaj is moderate high THEN C Pcy, is similar to

»

moderate AND CPa]. is moderate high OR high THEN CPc¢y, is greater

7

moderate AND CPaj is very high THEN CPcy, is much greater than

R20: IF CP,; is moderate high AND CPaj is high OR wvery high THEN C Pcy, is greater
than

R21: IF CPai is high AND C’Paj is near to zero OR very low THEN C P¢y, is much lower
than

R22: IF CPai is high AND CPaj is low OR moderate OR moderate high THEN C P¢cy, is
lower than

R23: IF CPai is high AND C’Paj is high THEN C Pcy, is similar to
R24: IF CP,,; is high AND CPaj is very high THEN C Pcy, is greater than

R25: IF CP,, is very high AND CPaj is near to zero OR very low OR low THEN CP¢cy,
is much lower than

R26: IF CP,, is very high AND C’Pa]. is moderate OR moderate high OR high THEN
CPgy, is lower than

R27: IF CP,, is very high AND CPaj is very high THEN CPc¢y, is similar to

Then, we compute the difference of the most significant acceleration with
respect to the average of the rest of elements. We compute this difference
by the next SFP(small=trianglep r(0, 0, 20), medium=triangleys (0,
20, 50), high=trapezoidy; (20, 50, 100, 100)).

Tsamaz @ “The greatest acceleration took place between years {previous year }-
{current year} by {small | medium | high} difference with respect to the
average of the rest of years”.

2PMsamin = (Usamin, Ysamin, 9samin, Tsamin), where Samin means Superla-
tive Perception Mapping related to minimum acceleration and:

Usamin 1s a vector with all CP, for a given municipality.
YSamin = (ASamin7 WASamin7 RASamin7 BS’amina WBSamin) where:

Asamin = (small, medium, high)

WASamin = (wASaminsma”, WASaminmedium ? wASU«mi’ﬂhigh)? with WASamazr €
[0,1]
Rasamin = (TASamineman = 1s TASaminmeqiuom = 1 TASaminnign = 1)
Bsamin = (low, moderate, high)

WBSamin = (wBSaminlow = O;wBSaminmodcratE = OawBSaminhigh = 1)

10



9Samin

gw,: Firstly, we rank the elements in Uggmin in descending order by
the acceleration linguistic labels. The first element in the list is identified
as the one with the lowest acceleration. The comparison between pairs of
instances C'P,, and C'P,; is made by the next rule base:
R1: IF CP,; is near to zero AND CPaj is near to zero THEN CPgy, is similar to

R2: IF CP,,; is near to zero AND CPaj is very low OR low OR moderate THEN C Pcy,
is greater than

R3: IF CP,, is near to zero AND CPaj is moderate high OR high OR very high THEN
CPcp, is much greater than

R4: IF CPai is very low AND CPaj is near to zero THEN C Pgy, is lower than
R5: IF CPai is very low AND CPaj is very low THEN C Pgy, is similar to
R6: IF CP,, is very low AND CPa]. is low OR moderate THEN C Pcgy, is greater than

R7: IF CP,,; is very low AND CPLL]. is moderate high OR high OR very high THEN C Pcp,
is much greater than

R8: IF CP,, is low AND CPaj is near to zero OR wvery low THEN CPcy, is lower than
R9: IF CPai is low AND C’Paj is low THEN C Pgy, is similar to

R10: IF CP,, is low AND CPaj is moderate OR moderate high THEN CPcy, is greater
than

R11: IF CP,, is low AND C’Paj is high OR very high THEN C Pcy}, is much greater than
R12: IF CP,, is moderate AND CPaj is near to zero THEN CPcy, is much lower than
R13: IF CPai is moderate AND CPaj is very low OR low THEN CP¢y, is lower than
R14: IF C'Pai is moderate AND CPaj is moderate THEN C Pgsy, is similar to

R15: IF CP,; is moderate AND CPaj is moderate high OR high THEN CPcy, is greater
than ’

R16: IF CP,,; is moderate AND CPaj is very high THEN CPcy, is much greater than

R17: IF CP,,; is moderate high AND CPa]. is near to zero OR very low THEN CPcy, is
much lower than

R18: IF CPai is moderate high AND CPaJ. is low OR moderate THEN CPcy, is lower
than

R19: IF CPai is moderate high AND CPaj is moderate high THEN C Pgy, is similar to

R20: IF CP,; is moderate high AND C’Paj is high OR very high THEN CPcy, is greater
than

R21: IF CPai is high AND CPaj is near to zero OR very low THEN C Pcy, is much lower
than

R22: IF CP,,,I. is high AND CP,,,]. is low OR moderate OR moderate high THEN C Pcy, is
lower than

R23: IF CPa,i is high AND C’Paj is high THEN C Pc¢y, is similar to
R24: IF CP,, is high AND CP,,,J. is very high THEN CPcy, is greater than

R25: IF CPai is very high AND CPaj is near to zero OR wvery low OR low THEN CPcy,
is much lower than

R26: IF CP,; is very high AND C’P,,,j is moderate OR moderate high OR high THEN
CPcy, is lower than

R27: IF CP,,; is very high AND CPai is very high THEN C Pcy, is similar to

Then, we compute the difference of the lowest acceleration with respect
to the average of the rest of elements. We compute this difference by the

11



next SFP(small=triangley (0, 0, 20), medium=triangler(0, 20, 50),
high=trapezoidy (20, 50, 100, 100)).

Tsamin @ “The lowest acceleration took place between years {previous year}-
{current year} by {small | medium | high} difference with respect to the
average of the rest of years”.

2 GLMP for Basic Reports

2.1 GLMP for analyzing the level of deforestation
1PM, = (Ug, ya, 94, Tu), where d stands for deforestation and:
Uy = (year, percentage of deforestation)

Ya = (Ad, Waa, Raq) where:

Ay = (zero, near to zero, very low, low, moderate low, moderate, mod-
erate high, high, very high)

Wad = (WAd.ero> WAdyear 1o seros WAdyery 1ows WAdigw> WAdpoderate 10w WAdmoderate
WAdmoderate high' WAdnighs WAdyery high.)’ with WAad; € [071]

Rad = (TAdeero = 1 TAdpear 10 2ero = b TAdpery 1ow = b TAdpw = 1

TAdnzodeTate low = 17 TAdnLoderate = 17 TAdnLoderate high = 1’ TAdh'igh -
1’ rAdvery high = 1)

gd -

gw: SEP(zero=trianglepr (0, 0,0.001), near to zero=triangle (0,
0.001, 0.1), very low=triangley;r(0.001, 0.1, 15), low=trianglep;r(0.1,
15, 30), moderate low=triangle r(15, 30, 45), moderate=triangle (30,
45, 55), moderate high=trapezoidy r(45, 55, 60, 70), high=trapezoid s g (60,
70, 80, 85), very high=trapezoid (80, 85, 100, 100))

NOTE: SFP stands for Strong Fuzzy Partition. triangleyp is a
membership function with triangular shape and three parameters (a, b,
¢) determining the vertices of the triangle. trapezoidysp is a membership
function with trapezoidal shape and four parameters (a, b, ¢, d) determin-
ing the support (a-d) and the core (b-¢) of the trapezoid.

Ty : “The deforestation in {year} was {zero | near to zero | very low | low |
moderate low | moderate | moderate high | high | very high}”.

2PM;q; = (Urd, Y1d, 91ds T1a), where Id means that this is an Integrative Per-
ception Mapping related to deforestation:

Ura = (CPa2000, CPa2001, CPaz002, CPa2003, CPa2004, CPa2005, CPa2006, CPa2o07,
CPa2008, CPa2009, CPa2010, CPa2011, CPa2012, CPa2013, CPy2014)

yra = (Arda, Wara, Rara) where:
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Ara = ( (Qry, Qry), -+ (Qmy, QL) (Qrys QLy)s -+ (Qryy QLy)s -+
(Qry, Qry), -+ (Qrs, QLy)), being Qr=(one, two, three, several,
most, all) and Q=(zero, near to zero, very low, low, moderate low,

moderate, moderate high, high, very high)

Wara = (wardg,, = (one, zero), ..., warq,, = (one, very high), ward,, =
(two, zero), ..., Wardy,, = (two, very high), ..., waras, = (all, zero),
-y WAIdge = (all, very high)), with warq,; € [0,1]

Rara = (waga, =1, ..., wardyy = 1, Wara,, = 1, ..., Wardyy = 1, ..,
WALdgy = 1, -y WALdgy = 1)

gid -

gw,: For each level of deforestation determined by the index j, i.e.,
Aq= (aq,, ad,, - . ., aq;), we calculate the percentage of years contained at
each a—level (N,;), with o € A= (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
1), as follows:

1 K
Noj = 2 3 Falwa, k) (4)
k=1

where F,(z) is defined by (5), and wg, [k] is the validity degree of C'P,
which is calculated for each year (k) being K the total number of evaluated
years of each municipality.

Fa(z) =

{1 if z2>a (5)

0 if z<a«

Then, we calculate the membership degree of each N,; to each element
in Qr, e.g., g, (Naj) = one(N,;). The shapes of these linguistic labels
are determined by the total number of years K. The related SFP is
as follows: (one=trapezoidyr(0, 0, 0.1, 0.2), two=triangley (0.1, 0.2,
0.3), three=triangley (0.2, 0.3, 0.4), several=triangleps r(0.3, 0.4, 0.6),
most=trapezoidy (0.4, 0.6, 0.99, 1), all=trianglep (0.99, 1, 1)).

The last step is to calculate the average value of the membership degrees
obtained for each av—level using (6). The cardinality of the set A (JA| = 10)
represents the resolution degree.

1
Widiy = T3] > 1Qr, (Naj) (6)

VYaeA

This final value contains the relevant information about the amount of
years with (zero, near to zero, very low, low, moderate low, moderate,
moderate high, high, very high) deforestation level.

If the combination of linguistic expressions in C Pr4 with the greatest
validity degree is Ajq4,, = (all, zero), then the generated sentence will be:
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“Results show that in the last fifteen years there have not been deforesta-
tion”.
Otherwise, we apply the following linguistic template: “Results show

that {the greatest Qr} the deforestation level was {the greatest Qr}, and
besides, {the second greatest Qr} the deforestation level was {the second

greatest Qr,}".

2.2 GLMP for analyzing the increment in the level of de-
forestation

1PM; = (U;, i, 9i, T;), where i stands for increment and:
U; = (the year, the increment in the percentage of deforestation)
yi = (A;, Wai, Ra;) where:
A; = (near to zero, very low, low, moderate, moderate high, high, very
high)

Wai = (wAinca'r to zero? WAiyery tow? WAliowr WAinoderatey WAimoderate high>
WAipignr WAiyery hi_qh,)’ with WA;; € [07 1]

RAi = (TAinear to zero = 17 erirue'r'y low = 1’ TAilow = 17 rAimoderate = 1’

T Aimoderate high — 1, TAinign = L, TAivery nign — 1)

gw.: SFP(near to zero=trianglen (0, 0, 0.1), very low=trianglen (0,
0.1, 15), low=trianglep; (0.1, 15, 30), moderate=triangle (15, 30, 45),
moderate high=triangley (30, 45, 60), high=trapezoidy (45, 60, 70,
80), very high=trapezoidyr(70, 80, 100, 100))

T; : “The increment was {near to zero | very low | low | moderate | moderate
high | high | very high} ({the increment in the percentage of deforesta-
tion}%)”.

1PMinae = Uimazs Yimaz, Gimaz, Limaz), Where imazxz means mazimum incre-
ment and:

Uimaz = (year, deforestation increment)
Yimax = (Aimax7 W Aimaz, RAimax) where:
Aimaz = (yeS, HO)
WAimam — (U)Aimaxycsv wAimam,w)a with W Aimaz; S [07 1}

RAima:v = (""Aimamy@5 = 1, TAimazn, = 1)

Gimaz -
gw,: For each Uimaz, we create a new CPiq,; With WAimazyes =1
and WAaimaz,,=0, in case of local maximum. Otherwise, wimaz,., =0 and

WAimaz,, =1
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Timaz : “There {was | was not} a maximum”. Notice that we select {was} when
the validity degree associated to the linguistic expression yes is equal to 1
and {was not} in the other case.

1PM,nmin = (Uimin,s Yimin, Jimins Limin), Where émin means minimum incre-
ment and:

Uimin = (year, deforestation increment)
Yimin = (Aiminy W Aimin, RAimin) where:
Aimin = (YG& HO)
WAimin - (U)Aiminyesa wAiminnn)v with W Aimin, S [Oa 1]
Raimin = (TAiminyes =1, raimin,, = 1)
Gimin -
gw,: For each Ujmin, we create a new CPjp,;, with WAiminge, =1

and wAimin,, =0, in case of local minimum. Otherwise, waimin,.,=0 and
wAiminno:l-

Timin : “There {was | was not} a minimum”. Notice that we select {was} when
the validity degree associated to the linguistic expression yes is equal to 1
and {was not} in the other case.

2.3 GLMP for analyzing the acceleration in the deforesta-
tion rate

1PM, = (Uq, Ya, Ya, Ta), where a stands for acceleration and:

U, = (the previous year, the current year, the percentage of acceleration be-
tween these years)

Yo = (Aa, Waa, Raq) where:
A, = (zero, near to zero, very low, low, moderate low, moderate, mod-
erate high, high, very high)

Waa = (wAaze'r'o7 WAanear to zero’ WAapery 10w WAalowr WAamoderate 1ow? WAlmoderate?
WAamoderate nigh' WAanighs WAayery high)’ with WAa; € [Ov 1]

Raa = (TAacero = 1, ThAanear to sero = 1 TAavery tow — 1, 44, = 1,
TAamoderate tow — 1, TAamoderate — 1, TAamoderate high — 1, TAanign = 1,
TAavery high — 1)

Ga -
gw.: SFP(zero=triangley (0, 0, 0.001), near to zero=triangle s r (0,
0.001, 0.1), very low=triangley;r(0.001, 0.1, 15), low=triangley; (0.1,
15, 30), moderate low=triangler (15, 30, 45), moderate=trianglerr (30,
45, 55), moderate high=trapezoidy r (45, 55, 60, 70), high=trapezoid s (60,
70, 80, 85), very high=trapezoidr(80, 85, 100, 100)).
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T, : “The acceleration was {zero | near to zero | very low | low | moderate low
| moderate | moderate high | high | very high} and negative | positive |
zero ({the percentage of acceleration}%)”.

16



