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Figure S1

12.5 1

(A) ( (D)
10.0- 94 15
aé 751 Ea« EJU'
g 504 g 2,
2.5 3
0'0. T T T T T O- T T T T T 0- T T T T T
200 400 600 800 1000 1200 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
Altitude (m) Northness Eastness
504(E) (G) (H
.0 2015+ /\/\ 2015+
EZE 51996- /\/\ ;:?1996- Af\
=
0 . . . . - . . . 19454 . . . 19454 , . .
Deposits  Flysch Limestone Silicate 10 12 14 16 8.5 9.0 9.5 30 31 32 33
Parent rock Annual mean temperature (°C) Mean diurn. temp. range (°C) Isothermality (%)
0] (J) ___/\L (K) _/\/‘L (L)
2015+ —_ \ 2015+ 2015+ 2015+ m
& 1996 /M § 1906 o § 1996 N § 1996+ — N
g M g S g _ I\ g "M
1970+ 19704 —_/\‘\'L 19704 —’/\I“L 19704 _’_J\-J\J\
19454 , , —— . ! . 19454 . - , \ . 1945+ . ; \ , 19454 , . - \ ,
660 680 700 720 24 26 28 30 32 -4 -2 0 2 28.0 285 29.0 295 30.
Temp. seasonality (°C = 100) Max. temp. warm. month (°C) Min. temp. cold. month (°C) Temp. annual range (°C)
w ™ _J\"‘L © _J\'L " _J\/—L
20154 _—_/J\____/-\f‘\_\'\% 2015+ 2015+ 20151
K] i @ | M © ] ___,./\‘L © 1 ___,_/_\"JL
o 1996 —’/\’x o 1996 —_/\/L o 1996 —_—’/\ML o 1996 —_’/\,—L
19704 __A 1970 __/\—L 19701 —M 19704 _’/\,—L
19454 - . . i 19454 . : : . . 19454 . - . . 19454 - . ,
4 6 8 10 16 18 20 22 24 18 20 22 24 2 4 6
Mean temp. wet. quart. (°C) Mean temp. dri. quart. (°C}) Mean temp. warm. quart. (°C) Mean temp. cold. quart. (°C)
20151 //\.’\\k 20151 /'\x 20151 M 2015
5 % 5 5 A
£ 1996+ /‘,_\\\— £ 1996+ /_\_\‘- & 19961 /\‘-—.\- & 1996+ f’_/__'\
1970+ 1970+ 1970+ 1970+
19451 . /"\""'\——— 1 roas{ /ﬂ\\-———- 1945 /\'J\ . 19454 ‘ —/H_’J\
1000 1500 200¢C 200 300 400 50( 5 10 15 70 80 90
Annual precipitation (mm) Prec. wet. month (mm) Prec. dri. month (mm) Prec. seasonality (CV in %)
(U) (V) (W) (X)
2015 VA 2015 S 20154 IS 20154 Vol
5 1996 S § 1906 N § 19061 N § 1906+ AN
> M > /\"_‘\_ > /\_’_\\ > /.:-\\__
19704 19704 M 19704 19704
1945 /v_\’\—— 1945 . . . 19451 /\"“"\ . . 19454 . /"\—‘~—_
400 600 800 1000 40 60 80 100 60 80 100 120 140 400 600 800
Prec. wet. quart. (mm) Prec. dri. quart. (mm) Prec. warm. quart. (mm) Prec. cold. quart. (mm)
¥ g e
2015. MM’\ EaY — 2015. /L\-KM - - 2015_
%1006, AMaea ~ - § 1996 O IR o] Brgeel AT T
g M g YN >
b /J\Tﬂ.\:. - b J\J"\f\;\’m h vl £ TT—
1945 1 i _-I..-MMA — i 1945 - i ; MAA.IA i 19451 ‘/x I
0 50 100 0 200 400 600 0 1000 2000 3000 4000

Fig. S1: Distribution of biophysical and socioeconomic predictors in the cells of our study area's maps at the historical reference years. Some
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variables were fixed in time, whereas others varied between years.
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Fig. S2: Distribution of bioclimatic and socioeconomic predictors in the future at the cells of our study area's maps. For comparison, we
additionally provide the distribution of the predictors in the latest reference year 2015. The three climatic scenarios concern only the 19
bioclimatic predictors (panels A-S), i.e. the socioeconomic predictors took the same values between these climatic scenarios (panels T-V).
From "ssp126" to "ssp585", the climatic scenarios are stacked from more to less optimistic.
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Fig. S3: Validating the prediction of population time series in the 35 municipal districts by seven models (bottom right). Each panel is for a
different district. The thinner line segments just connect the points which are the census data observations. The thicker and colour-shaded
curves are the predictions of the models.
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Prediction model of population time series

Fig. S4: Distribution of errors in the prediction of population time series during validation of the seven models. The 44-year window predictions
from 1967 to 2011 were validated against the latest year 2011 of census data. Each boxplot summarises the distribution of the 35 error values
from the 35 municipal districts. The labelling above the boxplots groups the models according to all-pairs comparisons with exact tests of
Friedman-type ranked sums, from lower (a) to higher performance (b).



Figure S5

Mun. Aetopétras Dodones Mun. Agiou Kosma Mun. And Rabenidn Mun. Aretés Mun. Aristés
{ o0
4007 ) 200+ q“'f, 400+ %\ ,f\\* 600 X
3001 | \ 2004/ oy
\ 1507 | s00{ A w0i
2001 & ol W 200 X N \
100+ S d \ 1007 ' 200+
0- 50+ o — 100 1
Mun. Basilikod Mun. Basilopotlou Mun. Batatadon Mun. Béssanés Mun. Blachatanou
?#4’\ 150 ] e 2 d
1000+ f\ 3001/ | ?f\ 10004 L 00105
8001 . 2501 10071 % 1501 A,
s00d o004 | ¢ 7501 % 1004 | s
“ Lo 50 | \‘ \/
1 150 \/ ¢ ] ‘ 50+ !
400 \/ \ 500 \
.1 00 M O - N O -
Mun. Dolianén Mun. Gabrisién Mun. Geroplatanou Mun. leromnémés Mun. Katarréktou
] 4001 W Pa S
1500+ N}/ L\V 200+ ‘; \Vd\‘ ” q \}H 400 -\“ 200+ ;/ \
) A 1 I \ 300+ \ lod %
10004/ \ 160 [N '\, \ 150 \
|2 | " 200+ /'/\\ 1001 %
500 \ 1201 |\ 200 v, \
L’ \ s \ 1004 é 50+
Mun. Katd Mer6pés Mun. Katd Rabenion Mun. Kephalobrysou Mun. Kouklién Mun. Kryoneriou
500 ? 19 J _
ioo J\ 5001 | 2000 | 1000 f{\ 250 j/\
c 7 \ M \ \
8 \ 141 1500 1 /o J \
5 300{ | ;83 duq '\ 1 gooi | ¢ 2001 | ¥
a ‘ ] 40 | \
g 2007 /) . 10001 | [ /"N soo-j \. 101N
* 100 k\/ 200° Toa 5001 |4 [ qp— IR
1 | A - \
0 5 100+ — 4 400+ od ¥ 100 \V
Mun. Ligopsas Mun. Limnés Mun. Lithinou Mun. Maurobouniou Mun. Mauronérous
600 ? d ? 9 Joe® | ?
ﬁ 400 'K . so0{ | 200 \ 300 ““/1
4001 s | | 30017 % || a00{ || 1501 & \
\ [ | \ [ [ 2001 9
\[ &R 200 8 3009 | | 100+ \ ,/‘\
VAW Vo | \"Q Y
200 ' el \ \ 200100 50. Y 100 y
100+ 100+ 3 \\\ 1 \ \
NN S o
Mun. Mazarakiou Mun. Mesobounfou Mun. Negradon Mun. Oraiokastrou Mun. Parakalamou
400+ ?
N 20047 ? \ 300- .’)\1 1400 - ’f’”\
/ \ / \I‘ | \ i r’i -“ | @ | \ f
soof || 7] 1501 “u, 4007 \“j \ 2004 | | 12001 ¢ %
J b/ \ 100- \ roe [ Fo
: ‘ \ 2004 | s \ 4]
200 \ 0. ) 001 | \\ 1004 \f\\ 10001 M\,\\
|
100- 0- S~ 8002
Mun. Protépappa Mun. Riachébou 200 Mun. Roupsias Mun. Sitarias Mun. Zitsés
1000+ r\ 300+ ! aﬂ\ 500+ /\ 1500 /{rq\\
7501 ¢ | 2507 ¢ | 160 \’ 400 o \ 12001% o
Y [ \ \ 3
| \ R 200+ 1 \ J \ - E
500 - I\‘I v" f 3?‘ 3 120 ¥ 300 \\ 900 "/e\\
250 o \ 150+ ¢ |/ o 801 ‘\ 200+ ”\ 600 \
100- ¢S o™= 1 400

1911 1961 2011 2061 1911 1961 2011 2061 1911 1961 2011 2061 1911 1961 2011 2061 1911 1961 2011 2061
Year

Fig. S5: Future predictions of population time series for the 35 municipal districts by the selected model with the lower prediction error during
validation. The thinner segments just connect the points which are the census data observations. The thicker curves are the predictions of the
model. The predictions are for 44 years since year 2011 for which we had the latest census data, i.e. until year 2055. Panels are ordered
alphabetically by district name, and their order corresponds to the row-wise panel order of Fig. S3. The selected model was the Logistic
(weighted), i.e. more recent observations had exponentially higher weight in the calculation of the mean of the growth/decay parameter r of the
logistic model. The other parameter of the logistic model, the carrying capacity K, was equal to the maximum population size which was
observed in the census data of each district.
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Fig. S6: Validating the prediction of livestock time series in the 35 municipal districts by seven models (bottom right). Each panel is for a different
district. The thinner line segments just connect the points which are the census data observations. The thicker and colour-shaded curves are the
predictions of the models.
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Prediction model of livestock time series
Fig. S7: Distribution of errors in the prediction of livestock time series during validation of the seven models. The 34-year window predictions
from 1987 to 2021 were validated against the latest year 2021 of census data. Each boxplot summarises the distribution of the 35 error values

from the 35 municipal districts. The labelling above the boxplots groups the models according to all-pairs comparisons with exact tests of
Friedman-type ranked sums, from lower (a) to higher performance (c).
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Fig. S8: Future predictions of livestock time series for the 35 municipal districts by the selected model with the lower prediction error during
validation. The thinner line segments just connect the points which are the census data observations. The thicker curves are the predictions of
the model. The predictions are for 34 years since year 2021 for which we had the latest census data, i.e. until year 2055. Panels are ordered
alphabetically by district name, and their order corresponds to the row-wise panel order of Fig. S6. The selected model was the Logistic
(weighted), i.e. more recent observations had exponentially higher weight in the calculation of the mean of the growth/decay parameter r of the

logistic model. The other parameter of the logistic model, the carrying capacity K, was equal to the maximum livestock size which was observed
in the census data of each district.
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Fig. S9: The quadratic fits in the regression-based procedure for Markov transition probability estimation of the validation period's business-as-
usual demand scenario of the trans-CLUE-S model. Each quadratic curve is for a different transition, as labelled on the far right. LUC type
indices: (1) farmland; (2) grassland; (3) open-scrub; (4) closed-scrub; and (5) forest. For example, "5—1" is for the forest-to-farmland transition.
The calibration period was the 26-year period of 1970-1996 upon which the Markov-based extrapolation was done for: the 1996—2022 period
(26 years since the calibration period on the x-axis); and the 1996—2048 period (2 x 26 = 52 years). The quadratic fits facilitated the interpolation
of the transition probabilities for the desired 1996—2015 validation period (19 years until the validation year 2015).
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Figure S10

Land type in 2015

O
L &
S ey \Q O
& & 57 &
& F & F @
¥ & R L
L L L L L Difference in
| relative cover
© @\rgs\ (est.—ref. %)
o2} N
e <« 2 -,
A
c 2
s r,d\) 0
o é\ 1
s & X
8 O 2
&P &
C)\ Qé l -4

Fig. S10: Differences in the transitioned relative cover of the estimated by the quadratic-based procedure (est.) minus of the reference time
period 1996-2015 (ref.).
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Figure S11
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Fig. S11: The quadratic fits in the regression-based procedure for Markov transition probability estimation of the 2015-2055 future period's
business-as-usual demand scenario of the final trans-CLUE-S model. Each quadratic curve is for a different transition, as labelled on the far
right. LUC type indices: (1) farmland; (2) grassland; (3) open-scrub; (4) closed-scrub; and (5) forest. For example, "5—1" is for the forest-to-
farmland transition. The calibration period was the 19-year period of 1996-2015 upon which the Markov-based extrapolation was done for: the
2015-2034 period (19 years since the calibration period on the x-axis); the 2015-2053 period (2 x 19 = 38 years); and the 2015-2072 period (3
x 19 = 57 years). The quadratic fits facilitated the interpolation of the transition probabilities for the desired 2015—2055 period (40 years until the
prediction year 2055).
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Figure S12
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Fig. S12: Selecting farmland of intensive farming which will be assumed to additionally persist, for providing an additional demand scenario.
Data points correspond to the map cells of farmland in 2015, and are coloured by the site they occur, according to the bottom legend. The
marginal histograms provide the stacked-by-site frequency distributions of the cells' elevation (top x-axis) and slope (right y-axis). The dotted
lines indicate the threshold value of these two predictors below of which the cells were selected. These selected cells inside the dashed-lined
rectangle at the bottom left comprised the indicated relative cover of persisting farmland in year 2055.
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Figure S13
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Fig. S13: Spatial distribution of the additional farmland in 2015 which was assumed to persist due to being of intensive farming, according to the
selection illustrated in Fig. S12. The two maps show the land cover of 2015 (A), and the corresponding positions of the 2015 farmland which
was selected and not selected to persist (B).
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Figure S14
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Fig. S14: Relative cover of the LUC types under the three demand scenarios of trans-CLUE-S for predicting land cover in year 2055. The
business-as-usual scenario is indicated with the line segments which connect the data points. The data points with the black outline are for: (A)
the third scenario which assumes that additional farmland to the business-as-usual will persist due to persistence of intensive farming; and (B)

for the fourth scenario which assumes that demand in 2055 will be equal to the relative cover of the LUC types in 1970 due to extensification of
farming.
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Fig. S15: Spearman correlation coefficient values between candidate predictors for the demand allocation suitability component of the trans-
CLUE-S model. We have also appended a “time” variable (years since the earliest reference year 1945, for years 1945, 1970, 1996 and 2015).

The four categories of parent rock could be more conveniently introduced to the Random Fores

t suitability models as presence—absence, binary

variables, i.e. one variable for the presence of each category of parent rock. Aiming for lower inter-correlations but also higher interpretability,
we selected the variables in bold for these multinomial classification models which return the suitability of each cell to be covered by each LUC

type.
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Figure S16

0.8 a

0.7+

AUC

E——
0.6 *

Random LLO LTO LLTO
RF cross-validation

Fig. S16: Distribution summaries of the Area Under the ROC Curve (AUC) in the cross-validation partitions of four Random Forest models (RF).
These four multinomial classification models were trained and cross-validated with data from the reference maps of 1945, 1970 and 1996. The
cross-validation types were the following: Random (partitioning all observations randomly to training and validation sets); Leave-Location-Out,
LLO (partitioning observations according to the study sites they occurred), Leave-Time-Out, LTO (partitioning observations according to the
study year), and the Leave-Location-and-Time-Out, LLTO (partitioning observations according to both study site and year). The letters above
the distributions indicate their grouping based on the post-hoc Dunn's test of equality between all pairs of cross-validation types using rank

sums.
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Figure S17
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Fig. S17: The Area Under the ROC Curve (AUC) of the four types of cross-validation for the Random Forest (RF) models which were candidate
suitability models for the trans-CLUE-S model. These four multinomial classification models were trained with data from the reference maps of
1945, 1970 and 1996. Each panel is from validating the model predictions of a different LUC type in the reference map of 2015, i.e. without the
trans-CLUE-S model. The ROC curves are coloured according to the legend. The legend additionally provides each model's average AUC
among the LUC types, whereas the AUC for each LUC type is given in each respective panel. The cross-validation types were the following:
Random (partitioning all observations randomly to training and validation sets); Leave-Location-Out, LLO (partitioning observations according to
the study sites they occurred), Leave-Time-Out, LTO (partitioning observations according to the study year), and the Leave-Location-and-Time-

RF cross-validation:

Random (AUC = 0.87) === LLO (AUC =0.67) == LTO (AUC =0.67) === LLTO (AUC = 0.66)

Farmland

Grassland

Open-scrub

Closed-scrub

Forest

AUC

0.55
0.56
0.55

0.5

False positive rate

Out, LLTO (partitioning observations according to both study site and year).
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Figure S18

0.854
a b b b
0.80-
——
0.754
(@]
2 0.70-
0851 1
0.60-
Random LLO LTO LLTO

RF cross-validation

Fig. S18: Distribution summaries of the Area Under the ROC Curve (AUC) in the cross-validation partitions of four candidate Random Forest
models (RF) for use as suitability models of the final trans-CLUE-S model for predicting land cover in 2055. These four multinomial classification
models were trained and validated with data from the reference maps of 1945, 1970, 1996 and 2015. The cross-validation types were the
following: Random (partitioning all observations randomly to training and validation sets); Leave-Location-Out, LLO (partitioning observations
according to the study sites they occurred), Leave-Time-Out, LTO (partitioning observations according to the study year), and the Leave-
Location-and-Time-Out, LLTO (partitioning observations according to both study site and year). The letters above the distributions indicate their
grouping based on the post-hoc Dunn's test of equality between all pairs of cross-validation types using rank sums.
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Figure S19
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Fig. S19: Individual marginal effect curves of the predictor variables (columns) in the Random Forest model of suitability for predicting the cover
of each LUC type (rows) in 2055 with the trans-CLUE-S model. Only a random sample of 100 curves is shown with the dark and thin curves. For
comparability, the curves are centred to the mean prediction for the left-most, minimum value of each predictor. The predictors (columns) are
ordered from left to right in decreasing relative importance for the classification of LUC type by the Random Forest model.
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Figure S20
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Fig. S20: Validating the trans-CLUE-S model against the observed map of 2015. The model was tested against four demand scenarios,
according to the legend at the top. The case of observed demand is about using the actual demand from the 1996—2015 period. The match
inside the brackets of the legend refers to the percent of the predicted 2015 map which had the same LUC as the observed LUC map of year
2015.
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Figure S21
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Fig. S21: LUC type elevation at the map cells which differed in the prediction of LUC between the most optimistic (SSP126) and most
pessimistic (SSP585) climatic scenario, under each of the following four scenarios of demand in 2015-2055 LUC transitions: (A) no pre-
specified demand; (B) as-usual from 1996-2015 to 2015-2055; (C) as-usual but with the 2015 intensive farming preserved; and (D) inverse
transitioning to 1970 which had characteristics of extensive farming. Inequality symbols above the boxplots indicate statistically significant
difference in the median slope by Wilcoxon test between scenarios. In specific, four inequality symbols were used for p-value < 107, three
symbols for p < 1073, two for p < 0.01, one for p < 0.05, and no symbol for p > 0.05 level of statistical significance.
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Figure S22
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Fig. S22: Same as Fig. S21, but for northness.
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Figure S23
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Fig. S23: Same as Fig. S21, but for population density.
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Figure S24
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Fig. S24: Same as Fig. S21, but for livestock density.
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Figure S25

Climatic scenario: E SSP-SUST . SSP-FUEL
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Fig. S25: Same as Fig. S21, but for settlement proximity.
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