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, spatio-temporal shrinking process that reduces the sizes of forest patches. This breaks up forest
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Bisst cedecd. Tiaries patches so increasing their number before the small ones progressively disappear. Fragmentation

can be assessed spatially as a level of the current status of the fragmented spatial configuration
Dominant vegetation and temporally as the level of the speed of the fragmentation process itself. Among the different
landscape metrics based on patches as indicative measures for fragmentation, the Shannon entropy
of the observed spatial distribution of categories has been of particular interest. Based on a recently
suggested spatio-temporal entropy framework focusing on patch size and shape distributions,
this paper shows how to derive useful fragmentation metrics at local and global levels, spatially,
~| temporally or both. Moreover, it shows that using fully symmetric approaches between space,
"/ time and category within this framework, can lead to more sensitive fragmentation metrics as
well as providing complementary local approach for cartographic representation. Land cover data
simulations from land surface modelling to a 2100 horizon are used to illustrate the proposed
fragmentation metrics.
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Spatially: s this area fragmented?

(habitat) fragmentation:

.Reduction in the total area T+++ S+  WikiEDIA

The Free Encyclopedia

Decrease of the interior T+++ S++

*Isolation of one area (fragment) T+ Stitt

from other areas
*Breaking up of one patch into Titt St
several smaller patches

Decrease in size patch  T++++ S++

Temporally: How much more (fragmented) since last year?
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*Reduction in the total area T+++ S+ . ocusing on fores

eIsolation of one area (fragment) Ti SirEr
from other areas

*Decrease of the interior T+++ S+
(edge density)

*Breaking up of one patch into

T+++ S+++ o A
several smaller patches Decrease in size patch T++++ S++
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Maz{p, c=1,..c)} (H(C)) = log(|C|)

uniform distribution, p. = 1/|C|

. Focusing on forest ?

@
H(C) = 1.037217 H(C) = 1.096067 &
\$

u - u = (o)
HY(C)= 0.9441156 HY(C)= 0.9976835 qae® H*(C) = —1/log(|C]) > pclog(p:) = 1

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

60 points perclass: 0O, + and A

H*(C) = —1/log(|C|) 22, pclog(pc) = 1

uniform distribution (not spatially)
The different patterns but no difference in entropy!
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TaraE Spatial entropy?

route >>> Categorical to spatial  route >>>Spatial to categorica
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Spatial entropy !
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route >>> Categorical to spatial  route >>>Spatial to categorical
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(1 neighbouring [\ global methods K/Apatch stm

“~go-occurrences distribution ‘ ' spatl-al entropy R )
- Spat|o_tempora| entropy - patCh size distribution

=
i
L

- spatial weights

SO0k - patch shape distribution
L. selSOO0Ok
caxoo |3 |ocalising B decomposition
- zone mapping (extra structure) 1 PsishENT

- conditional entropy

- s€an .Stat'St'CS ,4 - tensor decomposition

- dens-lty . 2 - non-negative approximation

- multiway analysis C ..
scankO0 83 C re-localising

nnFCAk " :
- conditional mapping

dkOO - relative intensity
nnCAkOO : :
- multiway analysis

kOO framework < PsishENT framework
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co-occurrences distribution

k-spatial entropy

Hg(C, k) = —1/log(|Crool) chkoolog(pckoo)

Ckoo

_ \2\
— collocation 1 \ 3
2

;5 \ =
— 3 d=03
gg;dS 1\\\\\\\
\
H:S(Ca k) - _l/log(lc{ccc..c}l) Zp{ccc..c}log(p{ccc..c})

The [ [ [ [ [ |

; g?ivemity time1 time2 time3 time4 tmeb5 timeb6
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Self-k-spatial entropy

100 x self-k spatial entropy
50 55 60 65 70 75 80 85 90 95 100
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i5.2% Spatial entropy ! size & shape 0
Ry define patches| .....: 7 5 -
(2 —» ST . .........|.....200 ) >
° . ° . u ..
patch size distribution A _ruldl o sh
L' time patch size “group” -aggregsss e
category = b \ R [
¢ stc C ST ("
Spatio-Temporal (ii) -
data - : T Th
multiway table
. . S : S’ ” -dimensions
spatial patch size “grou
S 1 X 11 X C P P Broup -statistic ‘
count of occurrences
H(C,Si,Ti) = H(C)+ H(Si)+ H(T%) — MI(C, Si,T?) (1) v e
= H(SiTi)+H(C|Si,Ti)=H(C)+H(S,Ti|C) | .. (iii)
= H(Si)+ H(Ti|Si)+ H(C | Si,Ti) (2) ) R s| quantification 4
—  H(Si)+ H((C,Ti) | Si) it :ﬁfr‘:)’:)fms“m“
= H(Si)+ H(Ti|Si)— H(Si|Ti)+ H(C,Si| Ti) » 4 other
= MI(Si,Ti) + H(T% | Si) + H(C, Si | T%) (3)
= MI(Si,Ti) + H(Si | Ti) + H(C,Ti | Si) (4) table
Dk 1(psiric | psi®Pri®Pc) = Y Pstclog(Pstc/ (pspipc)) =2 MI(C, T, Si) end of pishent 3 @ i
stc map PS l ShEN
The Ve Package (to con
' glfqiversity
" Sheffield. Figure 1. Modus Operandi of the patch size and shape entropy (PsishENT) framew




GeotRYcs

Forit Spatial entropy !

ti

patch size distribution category time patch size “group”
c

sitic

St xTixC /

3! spatial patch size “group”

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

or
01, 09,03 € O in co-occurrence of order k = 3 for C = ¢,

count of co-occurrences — Hf 1102 0,00 € {01 05,003 A(0,0') < d

where d distance in S X T

or
dratio _def mea’n(ol,Oz)Ech(Ola 02)

stc
mea’n(ol ,OQ)EBC d(ol ) 02)

local statistic (e.qg., distance-ratio) ——

where W, = {(01,02) € O4 X Oyt | C(01) = ¢,C(02) = ¢}
and B, = {(01,02) € Og X Og | C(01) = ¢,C(02) # ¢}

The

0/ IOJ'?iversity Leibovici, DG, and Claramunt. ‘On Integrating Size and Shape Distributions into a Spatio-Temporal Information Entropy Framework’.

“F G offield. Entropy 21, no. 11 (2019): 1112
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o If no or not much spatial fragmentation SZ concentrated in large patches (i.e., dominance)

Spatially: s this area fragmented?

size & shape

withthe PsS1shENT framework

. Focusing on forest
ti

S1 x T1 time patch size “group”
: : c
HS A lei=tc| H (i€ =¢) c = Forest
H(Si,Ti) = H(Si)+ H(Ti) — IM1(S%,T1) fe="c o
spatial patch size “group”

butalso Dy, (Si(czc) |S;

(C#c) ) idem with T’I, and DKL (Si(C=c,t=t2) |Si(C'=c,t=t1) )

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

7 The .
§ University If no or not much time process [t concentrated in large patches (e.g., all period)
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many Decompositions & spatial Maps

Topological characteristics
spatial patch  time patch  Categorical (fuzzy)

e as part of global statistics - 1 J‘
Fote © Esitie = {0€8 X T XC| Clo) = c,Si(0) = si,Ti(o) =i} Si Ti C 3
Eye = {0€SxTxC|Clo)=c,S(0)=s,T(o)=t} s T ¢ L
* as local statistics N AN
spatial location time categorical
(habitat) fragmentation: o Canonical characteristics

7 boreal needleleaf evergreen

*Reduction in the total area T+++ S+ Wi
pft7 (Si 1 %15) i

ree Encyclopedia

*Decrease of the interior T+++ S++ 2020 2050 2080 (+-2)
Si1l 5 32 7
§i 2 20 6 ©

eIsolation of one area (fragment) T+ St++s

from other areas S >2 © 0 16

Si >7 8 53 51

) . Si >25 0 0 143

Breaking uplof onl? patcth r|]nto ey (o Si 50 257 371 @

N several smaller patches cr 5400 208 @ 0
University 498 462 223

/o Of *Decrease in size patch T++++ S++
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7 boreal needleleaf evergreen

H(Si|C =)
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MI (Si,Ti) signed % o
<L #, S -
-6 -4 -2 -1 4 11 13 14 16 17 19
Data Min = -1, Max = 5 |
2050 C= boreal needeleaf evergreen 2080 C= boreal needeleaf evergreen

DKL (Si frequencies) to 2020
400 500
| |

I
025 030 0.35 040 045 050 055 060 0.65 0.70 0.75

o
O —
™
MI (Si,Ti) signed % MI (Si,Ti) signed % o
<« #» 4*» S — o
6 -4 -2 -1 1 4 11 13 14 16 17 19 -6 -4 -2 -1 4 11 13 14 16 17 19 N —_
Data Min = -5, Max = 19 Data Min = -5, Max = 6 - SI >25 ~
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The 2020 2030 2040 2050 2060 2070 2080
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3 f . .
> (S)hefﬁeld. DgkL (SZ(o=c,t=t2) |Sz(c=c,t=t1))

G

NNNNN




GeotRYcs
e =4
i @ﬁ B

fully symmetric co-occurrences
01,02,03 € Estc
are in co-occurrence of order k£ = 3,
g or o Seseard (ool I=ad,
where d() being the distance in S x T x C

and d. a chosen collocation distance parameter

Egc={0eSXxT xC| C(o) =¢,S(0) =s,T(0) =t}
Este C Egitic ={0€ S X T xC| C(o) = ¢, Si(o) = si, Ti(o) = ti}
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Conclusion

e Fragmentation / entropy measures

* |ocal and global / spatial & temporal

e route>>> Categorical to spatial
Spatial entropy is required

e route>>>Spatial to categorical

® PsishENT .. add-on package (to come!) @

e decompositions & geographical maps s
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Appendix
conditional entropy ratio (%)
<EEENTT 0L | >
0 10 20 30 40 50 60 70 80 90 100

Figure 6. Map of the ratios to conditional entropy H*(C | Si) of Table 1 from occurring local patch

sizes (ranges: 2020 2%-77%, 2050 2%—-80%, 2100 0%—-92%).

Similarly, in Figure 7 is represented the conditional entropy ratio for H*(Si | C) where local
patches of C values were used to map the local effect. Overall over the 2020-2100 period, there was an
increase in homogeneity as the conditional entropy is decreasing (see Table 1). Spatially there is an
increase in homogeneity of patch sizes given the involved ptfs (C) in all areas, so either less variation in
pfts or in their patch sizes.

conditional entropy ratio (%)
<EEETE 0 TN
Thga . 0 10 20 30 40 50 60 70 80 90 100
: g?lverswy Figure 7. Map of the ratios to conditional entropy H*(Si | C) of Table 1 from occurring local patches of
"~ Sheffield. C (ranges: 2020 1%-87%, 2050 0%-89%, 2100 1%-—67%).
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proportion (grid*month)

eotRYcs 8
B0 0 . .
0k ToLand Surface Modelling (ORCHIDEE scenario RCP85) 8 -
ﬁ 3 .
’ fraction of . i
S
£
1 bare ground 2 tropical broadleaf evergreen § S
3 tropical broadleaf raingreen 4 temperate needleleaf evergreen e °
g -
5 temperate broadleaf evergreen 6 temperate broadleaf summergreen Appendix
7 boreal needleleaf evergreen =7
10 C3 grass o
| | 1 | I
12 NonVascular moss&lichen 2020 2040 2060 2080 2100
13 boreal broadleaf shrubs 14 C3 arctic grass year
S Figure 5. Frequencies of the 7 classes of spatial patches over 846 inland grid cells for all pfts where
A a 1 patch is a grid-cell with fraction > 15% (wider solid lines are smoother fit of the time series) in
° thinner lines.
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Dgr(psiTi | Psi ® pri)

Zpsitilog(psiti/ (psz'ptz')) =del MT (S’iaTi) (1)

= H(Si)— H(Si|Ti) (2)
Zpti(H(Sz') — H(Si | Ti = ti)) (3)

— Z psi(H(Ti) — H(Ti | Si = s1)) (4)

from frequencies DKL (1) from above (3) and (4)
i 74 wev
S7 T<=2 T>2 T>5 T>15 T>25 T>35 T>45 T>55 T>65 T>75 T<=2 T>2 T>5 T>15 T>25 T>35
S1 -0.02 -0.11 3.44 -0.47 -0.71 -0.97 -0.81 0.21 0.00 4.72 9.73 2.87 -5.82 3.05 11.71 22.31
S2 0.85 0.00 -0.18 -0.16 4.85 0.00 -0.95 0.08 -0.18 2.40 T>45 T>55 T>65 T>75
S>5 0.74 -0.43 -1.32 1.88 0.68 -2.28 -4.21 5.51 7.36 4.75 39.33 3.89 12.97 8.95
S>15 -0.05 -0.19 -1.03 -0.74 -1.30 4.11 -1.91 0.22 6.02 3.59 #%
S>25 -0.11 0.00 -2.08 3.89 1.24 1.57 -5.42 -0.49 4.38 2.68 S1 S2 S>5 S>15 S>25 S>35
S>35 0.00 -0.06 7.27 2.60 0.01 -0.47 -0.62 0.00 ©0.00 -0.18 2.77 4.19 -6.08 2.74 -5.18 6.64
S>45 .31 3.31 6.74 2.12 -0.29 -0.52 -0.67 0.00 0.00 -0.22 S>45 S>55 S>65 S>75 S>85 S>95
$>55 .00 -0.08 -0.35 -0.05 0.25 -0.07 1.55 0.02 -0.14 0.00 5.43 3.13 45.66 25.63 1.48 5.03
S>65 -0.13 -1.12 -4.69 -1.87 3.35 5.06 19.08 -0.60 -1.79 0.00 $>105
0.00 8.58

S>85
S>95
S>105

.00 0.28 0.84 -0.12 -0.28 0.14 0.27 -0.07 -0.09 -0.09
.08 -0.11 4.66 -0.30 -0.62 0.05 0.12 -0.16 -0.20 -0.19

0
0
0
S$>75 0.00 -8.75 -2.59 -0.80 1.26 3.75 9.8 -0.56 -1.16
0
0
0.25 5.75 10.22 -0.94 -1.70 -0.52 -0.89 -0.47 -0.53 -0.52




