
Dominant vegetation



(habitat) fragmentation:

•Reduction in the total area

•Decrease of the interior

•Isolation of one area (fragment) 
from other areas

•Breaking up of one patch into 
several smaller patches

•Decrease in size patch

Spatially:     Is this area fragmented?

Temporally: How much more (fragmented) since last year?

T+++    S+

T+++    S++

T+    S++++

T+++    S+++

T++++    S++



20             / 40

11             / 40

9              / 40

20             / 40

11             / 40

9              / 40

14             / 40

14             / 40

12             / 40

(edge density) 

Focusing on forest
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H(C) = log(3)
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Spatial entropy?

(nearly) uniform distribution 
different meanings but  no difference in entropy!

occurrences distribution
C
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H(C) = 1.037217
Hu(C)= 0.9441156

H(C) =  1.096067
Hu(C)= 0.9976835

= ? Focusing on forest ?

isolation & breaking

size patch & interior



H(C) = log(3)
<latexit sha1_base64="ybRSqXjO5FAGTweNMTRVPrbsPs0=">AAAB9HicbVA9TwJBEJ3zE/ELtbS5CCbQkDsotDEhwYISE/lI4EL2lj3YsLd77u6RkAu/w8ZCY2z9MXb+Gxe4QsGXTPLy3kxm5vkRo0o7zre1tb2zu7efOcgeHh2fnObOzttKxBKTFhZMyK6PFGGUk5ammpFuJAkKfUY6/qS+8DtTIhUV/FHPIuKFaMRpQDHSRvIKjWK9dMfEqFgtFQa5vFN2lrA3iZuSPKRoDnJf/aHAcUi4xgwp1XOdSHsJkppiRubZfqxIhPAEjUjPUI5CorxkefTcvjbK0A6ENMW1vVR/TyQoVGoW+qYzRHqs1r2F+J/Xi3Vw6yWUR7EmHK8WBTGztbAXCdhDKgnWbGYIwpKaW208RhJhbXLKmhDc9Zc3SbtSdqvlykMlX7tP48jAJVxBEVy4gRo0oAktwPAEz/AKb9bUerHerY9V65aVzlzAH1ifP8dHkCc=</latexit>

60 points per class:       o,   + and △
Spatial entropy?

uniform distribution (not spatially)
different patterns but  no difference in entropy!

occurrences distribution
C



3 localising

1 neighbouring A  patch structures
- co-occurrences distribution
- spatial weights

- zone mapping (extra structure)
- scan statistics
- density
- multiway analysis

route >>>  categorical to spatial

SOOk

selSOOk

nnFCAkscankOO

dkOO

2 global methods
- spatial entropy
- spatio-temporal entropy

route >>> spatial to categorical

- patch size distribution
- patch shape distribution

B  decomposition
- conditional entropy
- tensor decomposition
- non-negative approximation

CAkOO

nnCAkOO

kOO framework ⊂ PsishENT framework

PsishENT

C  re-localising
- conditional mapping
- relative intensity
- multiway analysis

Spatial entropy?

Spatial entropy?

See for example
Leibovici DG, Claramunt C, Le Guyader D and Brosset D (2014) 

Local and global spatio-temporal entropy indices based on 

distance-ratios and co-occurrences distributions. International 

journal of Geographical Information Science, 28(5): 1061-1084 

See
Leibovici DG and Claramunt C (2019) On Integrating Patch Size and 

Shape Distri
butions into a Spatio-Temporal Information Entropy 

Framework Entropy, 21(11):1112 (special issue)

https://doi.org/10.1080/13658816.2013.871284
https://doi.org/10.3390/e21111112
https://www.mdpi.com/journal/entropy/special_issues/Spatial_Information


3 localising

1 neighbouring A  patch structures
- co-occurrences distribution
- spatial weights

- zone mapping (extra structure)
- scan statistics
- density
- multiway analysis

route >>>  categorical to spatial

SOOk
selSOOk

nnFCAk

scankOO

dkOO

2 global methods
- spatial entropy
- spatio-temporal entropy

route >>> spatial to categorical

- patch size distribution
- patch shape distribution

B  decomposition
- conditional entropy
- tensor decomposition
- non-negative approximation

CAkOO

nnCAkOO

kOO framework ⊂ PsishENT framework

PsishENT

C  re-localising
- conditional mapping
- relative intensity
- multiway analysis

Spatial entropy !
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co-occurrences distribution

k =3

d

k-spatial entropy

Self-k-spatial entropy

Spatial entropy !



geo-spatio-temporal entropy

Leibovici, DG, and Claramunt. ‘On Integrating Size and Shape Distributions into a Spatio-Temporal Information Entropy 
Framework’. Entropy 21, no. 11 (2019): 1112

nnCAkOO

PsishENT
Package (to come)

patch size distribution

Spatial entropy !

c

t

s spatial patch size “group”

time patch size “group”

E = Si⇥ T i⇥ C
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category

stc

count of occurrences

size &  shape 



Leibovici, DG, and Claramunt. ‘On Integrating Size and Shape Distributions into a Spatio-Temporal Information Entropy Framework’. 
Entropy 21, no. 11 (2019): 1112

count of co-occurrences

local statistic (e.g., distance-ratio)

o1, o2, o3 2 Ostc in co-occurrence of order k = 3 for C = c,

iif maxo,o02{o1,o2,o3}d(o, o
0)  d✏ (1)

where d distance in S ⇥ T
<latexit sha1_base64="lZJHStQrB+j2R0Ly1pt2NLpMqjk="></latexit>

dratiostc =def mean(o1,o2)2Wc
d(o1, o2)

mean(o1,o2)2Bc
d(o1, o2)

where Wc = {(o1, o2) 2 Ost ⇥Ost | C(o1) = c, C(o2) = c}

and Bc = {(o1, o2) 2 Ost ⇥Ost | C(o1) = c, C(o2) 6= c}
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patch size distribution

Spatial entropy !

c

(si)(ti)(c)count of occurrences

ti

si spatial patch size “group”

time patch size “group”

E = Si⇥ T i⇥ C
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Spatially:     Is this area fragmented?

Temporally: How much more (fragmented) since last year?

Focusing on forest

t

c

ti

si spatial patch size “group”

E = Si⇥ T i⇥ C
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time patch size “group”

c = Forest

PsishENTwith the                                     framework

e.g.,

If no or not much time process                  concentrated in large patches (e.g., all period) E = Si⇥ T i⇥ C
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If no or not much spatial fragmentation             concentrated in large patches (i.e., dominance) E = Si⇥ T i⇥ C
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but also and

size &  shape 



many Decompositions &  spatial Maps

• as part of  global statistics

• as  local statistics
spatial location time categorical

spatial patch time patch Categorical (fuzzy)

Canonical characteristics

Topological  characteristics
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Dominant vegetation
an example …



fully symmetric co-occurrences



My ResearchGate
My LinkedIn

Conclusion

route >>>  categorical to spatial

route >>> spatial to categorical

Fragmentation / entropy measures•

•

•

• PsishENT … add-on package (to come!)

• local and global / spatial & temporal

• decompositions & geographical maps

Spatial entropy  is required

https://wwwGeotRYcs.com

https://www.researchgate.net/profile/Didier_Leibovici2
https://www.linkedin.com/in/didiergleibovici/
https://wwwgeotrycs.com/




Appendix



1  bare ground 2  tropical broadleaf evergreen

3  tropical broadleaf raingreen 4  temperate needleleaf evergreen

5  temperate broadleaf evergreen 6  temperate broadleaf summergreen

7  boreal needleleaf evergreen 8  boreal broadleaf summergreen

9  boreal needleleaf summergreen10  C3 grass

11  C4 grass 12  NonVascular  moss&lichen

13  boreal broadleaf shrubs 14  C3 arctic grass
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from frequencies DKL (1) from above (3) and (4)


