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TUTORIALS TO SUPPORT PRACTICAL CLASSES
Tutorial 7. Simulation of landscape dynamics in the future with and without fire

Vanda Acacio and Susana Dia

OBIJECTIVES

Simulate the evolution of land cover in the future with and without fire, using Markov chains
(or Markov matrices — the relative transition matrices).

In this exercise we will simulate the dynamics of the future landscape with and without fire,
using the relative transition matrices that were built in the previous lesson. The elements

(cells) of these matrices contain the proportions of change of each LULC class for another
class, which were observed in a 24-year period (1995-2018).

In general, the probabilities of transition from one state to another state in a finite Markov
chain given by the matrix P in k steps is given by P«. In our case study, k corresponds to a
period of 24 years. We can now simulate transitions for various periods in time, with and
without fire. For example, we can multiply the probabilities of the global relative transition
matrix by the areas (ha) of each LULC class in 2018 to obtain the areas of these classes in 2041
(t = 24), and so on into the future. These calculations can be done directly in MExcel, using the
function “Matriz Mult”, which will be shown in the class.

Notice that Markov matrices or chains assume that the transition proportions are
maintained over time.

Instructions in MExcel
1. Use the global matrix to start the exercise
2. Transpose the global relative matrix

Transposing a matrix is to switch lines with columns, that is: the first line of the matrix
becomes the first column of the transposed matrix, the second line becomes the second
column, and so on.



1995

UNIDADE CURRICULAR DE ECOLOGIA DA PAISAGEM APLICADA 2026

1985

2018

B
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MATRIZ DE TRANSICAD RELATIVA GLOBAL TRANSPOSTA (M)

AFS with cork oak and_or holm oak
AFS with other species

Agriculture and pastureland

Areas with sparse vegetation

Cork oak and_or holm oak forest
Deciduous oaks and other hardwood forest
Eucalypt and other exotic forest
Pine and other coniferous forest
Shrublands

Urban

Water bodies and aquatic systems

C

AFS with AFS with Agricull Areas w Cork oa Decidus Eucalyp Pine an Shrubla Urban  Water bodies and ac

047
0,00
0.0z
0,00
213
0,005
0,005
001
0.0
0,00
0,00

AFS with AFS with Agricult Areas w Cork oa Decidus Eucalyp Pine an Shrubla Urban

0,47
001
0,56
0,005
5,717
0,002
001
220
042
0,25
007

0,014

89,655

007
0,005
0,01
0,00
0,00
0,38
0,105
0,005
0,005

0,005

89,65

145
0,00
0,00
0,002
0.06%

B3
0.06%
2,36
0,03

086, 0,00
143 000
Gd.90 000
0,00 55.68%
020 000
048 000
063 000
0.7 000
343 003
023 0,00
000 0143

0,02 000
007 000
4,90 0,00
0,00 35,68
0,605 0,00
056x 0,00
011 000
373 000
580 006
393 04t
0.22% 0865

G

5,71
0,00z
0,602
0,002
95,08
007
011
0,58
1657
0,002
0,002

213
0,010
0200
0,00
95,08
002
028
1.32%
0,332
023
034

H |
2018
000 000
000 006
0,565 041
000 000
002 0289
95,07 294
000 95,55
01t 154
0,07 1,15
0014 004
002w 000
1335
0,00 000
000 000
0467 063
000 0,00
0,07 011
99,07 0,00
294 95,55
040 04
01%s 013
056 0idx
068 020

Z,20%%
5,531
3.73%
0,00
132%
0,703
0,14
90,65
10,57
0063
0,00

001
038
0.7
0,00
0,58
0,10
1543
90,65
102x
4,545
0,15

0.42x
0,062
5,600
0,062
0,33
0,13
0,13
102
80,942
0.3
0.0

0.0
0.0
343
003
1.65:
007
115
10,57
80,942
1710
0,514

ISA, ULisboa

0,254
236
393
0,41
023
0512
0,1
4,542
1.7
99,03
0,452

0,002
0,002
023
0,00
0,00
0,002
0,042
0,062
032
93,03
0312

] M

0,07
0,03
022
0,562
0,343
0,65
0,205
0,153
0531
0531
93,37

Water bodies and ac

0,00z
0,00
0,00
0,13
0,00
0,02
0,002
0,00
0.0
0,45
93,37

3. Use the vector of the area occupied in 1995 (V1), which is the total area of each LULC class (ha)
in 1995 of the global absolute matrix (sum of rows) that corresponds to the initial landscape
composition (in T1).

MATRIZ DE TRAN SIl;ﬁO ABSOLUTA GLOBAL 2018
AFS with cork AFS with othe Agricultur Areas witl Cork oak 2 Deciduous oa Eucalypt and ¢ Pine and otl Shrubland Urban

AFS with cork oak and_or holm oak 14647,57974 1,478664272 138,7397 924,7862 1,777723243 355,914617 68,38397 40,0821
AFS with other species 1524,861399 25,40816 0,992403931 107,315618 1,063807 40,17576
Agriculture and pastureland 27,84290271 95,54112484 120988,9 2,841793 B848,4547 B804,7149337 151,0763835 5316,03855 B8267,278 5691,647
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I:}Drk oak and_or holm oak forest 1770,81963 5,246736636 163,2566 79163,84 19,01320374 235,0242087 1100,79577 324,0502 192,6003
Deciduous oak and other hardwood forest 20,85734 3,250556 4264,544801 132,0850994 4,28836159 8,499446 23,04495
Eucalypt and other exotic forest 195,4743 34,77085 30693,41308 43,8501851 57,92544 42 26806
Pine and other coniferous forest 3,375937727 109,2282995 200,96 251,0467 31,20537561 439,1203028 25767,3244 290,6704 1290,367
Shrublands 62,43482865 153,0116349 5252,835 42,88327 2532,257 1124267877 1757,416417 16192,0141 123971,1 2619,974
Urban 0,214257063 40,15033 1,56595608 7,431920942 11,1167582 55,76987 1723844
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4. Multiply the transposed matrix (M’) by vector V1 with the function "MMULTI", to obtain vector
2 (V2). Each line of the transposed matrix (M) is multiplied by vector V1 to obtain V2.

Note that vector 2 obtained (V2) corresponds to the areas (ha) in 2018 and should be equal to
the totals of the columns of the global absolute matrix
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AFS with cork oak and_or holm oak 0,90 0,00 0,00
AFS with other species 0,00 0,30 0,00
Agriculture and pastureland 0,01 0,01 0,85
Areas with sparse vegetation 0,00 0,00 0,00
Cork oak and_or holm oak forest 0,06 0,00 0,01
g Deciduous oaks and other hardwood forest 0,00 0,00 0,01
Eucalypt and other exotic forest 0,00 0,00 0,00
Pine and other coniferous forest 0,02 0,06 0,04
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Urban 0,00 0,02 0,04
Water bodies and aquatic systems 0,00 0,00 0,00
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17408,00 | 2727412
18278,81 | 1946342
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The transposed matrix (M’) is again multiplied by Vector V2 (which corresponds to the area
occupied by LULC classes in T2 - 2018) to obtain V3 - the vector in T3 (2041), and so on until 2087.
There are LULC classes with an increasing trend in area and others with a decreasing trend in area,
over the analyzed period. However, the total area of the study region is always the same (sum of

all classes).

AFS with cork oak and_or holm oak

AFS with other species

Agriculture and pastureland

Areas with sparse vegetation

Cork oak and_or holm oak forest
Deciduous oaks and other hardwood fors
Eucalypt and other exotic forest

Pine and other coniferous forest
Shrublands

Urban

Water bodies and aquatic systems

V1 V2 V3 V4 V5
1995 2013 2041 2064 2087
16189,65 16512,05 16805,58 17068,83 17301,12
1700,25 1889,58 2107,77 2338,61 2570,12
14251045 127026,55 11338293 10137791 90826,76
3103,85 3132,36 3156,10 3176,02 3192,90
83258,79 83758,40 8401098 84050,18 8390498
4485,51 5237,03 5873,03 6406,84 6850,49
31131,19 33418,34 35770,26 38149,65 40526,49
2842461 48899,37 6479143 7693267 86010,89
153170,64 133050,54 116118,13 101824,09 8972046
17408,00 27274,12 3702993 4659586 5591317
18278,81 19463,42 20615,63 21741,09 2284436

TOTAL

7499661,76 499661,76

499661,76 499661,76 499661,76

5. Repeat the previous steps using the relative transition matrices for burned and unburned area.
Note that you need to use always the same initial landscape composition — V1, to allow

comparisons among the 3 scenarios.

6. Represent the results graphically (3 scenarios: whole area - global matrix, burned area and

unburned area)
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Graphical representation of results in MExcel: examples
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Evolution of landscape compositionin Algarve in 1995-2087
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Graphical representation of landscape dynamics: examples

Beyond the charts that were produced in MExcel in the classes, we show below some other
examples of graphical representation of changes in land cover and land use (based on relative
transition matrices or Markov chains), either to represent the past dynamics or to represent the
simulation of the landscape dynamics in the future. Many other examples can be found in the
literature.
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