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Introduction

These supporting materials contain additional figures, tables and the details of

experiments. It corresponds to the article.

Text S1.

To assess the impact of the sample design to the Random Forest classifier, which is

known to be sensitive to different sample designs (Belgiu & Dragut 2016), we created



two distinct training datasets. Firstly, to perform a binary classification of peatland and
non-peatland, we created a training sample containing two classes — "Peatland sites" and
"Non-peatland sites". In this category, the former class only contains peatlands, and the
latter class contains all other land covers. Secondly, to create a training sample to
performing a multi-class classification, additional to the "Peatland sites" class we also
used five other land covers: "Vegetation", "Water", "Snow", "Construction land (CL)", and
"Bare land". We randomly selected 70% of the peatland sites and 70% of the non-
peatland sites as training samples, and the remaining 30% of peatland sites and non-
peatland sites were saved as validation samples.

For multi-class results, we first grouped all other predicted land covers into non-
peatland and remained predicted peatland class as peatland and then we extracted
predicted values from the prepared multi-class outcomes using the 2000 validation

points. The validation results were shown in Table S2 and Table S3.

Text S2.

In this study, the formula of IC is made by Cavalli et al. (2013), which is suitable to

compute connectivity index of alpine environment.

Du
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where D,,, and Dy, are the upslope and downslope components of connectivity,
respectively. IC is defined in the range of [—o, 40 ], with connectivity increasing for
larger IC values. W is the average weighting factor of the upslope contributing area, S is
the average slope gradient of the upslope contributing area (m/m) and 4 is the upslope
contributing area (m)?2. d; is the length of the flow path along the i‘" cell according to
the steepest downslope direction (m), W; and S; are the weighting factor and the slope
gradient of the i*" cell, respectively.

There are three critical parameters in formula: (i) slope factor computation, (ii)

contributing area calculation, and (iii) choice of the W factor. The slope factor is directly



calculated from DEM data with a lower limit of 0.005 m/m and an upper limit of 1T m/m.
The contributing area performed using multiple flow D-infinity approach. We used
roughness index as W factor, as recommended by Cavalli et al. (2013) to apply it in alpine
catchment. The roughness index (RI) is calculated as the standard deviation of the
residual topography (Cavalli et al. 2013). The residual topography was computed as the
difference between the original DEM and a smoothed version derived by averaging DEM

values on a 5 x 5 cell moving window according to followed formula.

25 (xi—xm)?
j— 1=1
RI = 25— 4
RI
W= N (RIMAX) (5)

where 25 is the number of the processing cells within the 5 X 5 cells moving window, x;
is the value of one specific cell of the residual topography within the moving window,
and x,, is the mean value of 25 cells values. Rl 4x is the maximum value of RI in the
study area. A lower limit of 0.001 was set to avoid W; = 0 in the computation of Dy, in
Eqg. (3).

Theoretically, there should be a depression in IC values within peatlands, as the
conditions conducive to peatland formation require low connectivity. However, the IC
values within peatlands in the study region range from low to medium, and different
sub-regions where peatlands develop show varying IC values. Furthermore, other land
uses show similar IC values to peatlands. Another issue is that the IC values within
peatlands do not exhibit homogeneity (Figure. S2). To address this inhomogeneity, we
apply a mean filter to the IC value raster using a moving 3x3 kernel window. However,
the smoothed results still do not meet the standard for establishing typical classification

features.

Text S3.

According to the inventory, the area of recorded peatlands ranges from 184 m? to

4,246,840 m> There are only 4 sites with an area between 184 m? and 200 m? (2% of the



whole inventory). The 89% of peatland sites are distributed from 2,000 m? to 22,000 m?.
The other 9% of peatland sites have an area beyond 26,000 m?,

According to the statistics of the predicted peatlands, the number of predicted
peatlands is 1667 with the area distributed from 144 m? to 728,173 m? There are 102
sites composed of one single pixel or two adjacent pixels, therefore with an area smaller
than 200 m? accounting for 6% of the total 1667 predicted peatland patches. We notice
that 86% of the predicted peatlands have a surface ranging between 2,000 m? to 22,000
m?. Only 8% of the sites have an area larger than 22,000 m?,

Based on the analysis performed on the size frequency distribution of the peatlands
included in the inventory (see Figure. S5; Figure. S6) we removed the predicted sites

smaller than 200 m?, corresponding to two Sentinel-2 pixels.

Legend
C3 Probably is peatland
C3 True peatland sites

Figure S1. The figure shows an area located in the Avisio Basin with several peatland

sites. As shown in Figure S1, the green delineated areas are close to the true peatland



sites and exhibit similar characteristics based on visual judgment. They have similar color
and texture compared to those true peatland sites, but they are not recorded by
authorities or other research. We therefore assume that there is an underestimation of

the peatland area in the Avisio Basin.
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Figure S2. The variation of hydrological connectivity index (IC) in the study area.
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Figure S3. The slope values where peatlands are present (e.g., from 0 to 17 degrees)

show a normal distribution.
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Figure S4. Map showing the area with slopes from 0 to 17 degrees (in white) and the

masked area (in grey) that includes areas with slopes larger than 17 degrees. Numbered
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black boxes correspond to known peatland sites.

350 r

300 r

Frequency
= = N N
o a o a
o o o o

a
o
T

0 ‘

IIIIIII.I-..I--II-II .-I
Q O O O 8 O D O O D X
N\ PN RN RPN N RN N\ NN N\ NN o
A Q7 O O QO QSN
LG F A AR A A S P

Area (m?)

Figure S5. Frequency distribution of the predicted peatland areas.
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Figure S6. Frequency distribution of recorded peatland areas in the inventory.
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Figure S7. The overall accuracy (OA) of the Random Forest classification varies with the

number of trees (ntree).
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Figure S8. NDVI series of peatland from 2020 to 2022



Table S1. Peatland data collection of Avisio basin

DataName Landcover  Data creator/ Holder of rights Format Link
bogs, mires,
peats,
Natura 2000 Italian Ministry of Environment Polygon  http://wms.pcn.minambiente.it/ogc?map=/ms_ogc/wfs/SIC_ZSC_ZPS.map
woodland,
etc.
HY.PhysicalWaters.Wetland_po Provincia Autonoma di Bolzano (IPA: p_bz) - Ripartizione Natura, paesaggio e sviluppo
wetlands Polygon https://data.civis.bz.it/dataset/wetland
lygon del territorio - Ufficio Natura
peat bog,
Provincia Autonoma di Bolzano (IPA: p_bz) - Ripartizione Natura, paesaggio e sviluppo
Zone umide wetlands, Polygon https://data.civis.bz.it/dataset/zone-umide
del territorio - Ufficio Natura
etc.
https://siat.provincia.tn.it/geonetwork/srv/ita/catalog.search#/metadata/p_TN:ef4
Riserve Naturali provinciali peat bog Provincia autonoma di Trento - Servizio Sviluppo sostenibile e aree protette Polygon
cc49b-83e0-44e8-95f6-44c8ad3ff271
https://siat.provincia.tn.it/geonetwork/srv/ita/catalog.search#/metadata/p_TN:41
Biotopi di interesse provinciale  peat bog Provincia autonoma di Trento - Servizio Sviluppo sostenibile e aree protette Polygon
6a8c4d-74e4-42bf-835b-7608820c1071
https://siat.provincia.tn.it/geonetwork/srv/ita/catalog.search#/metadata/p_TN:d1
Riserve locali (puntuali) peat bog Provincia autonoma di Trento - Servizio Sviluppo sostenibile e aree protette Point

b2bdc5-f900-4b7c-98b5-ff9b05876214




Table S2. The list of satellite scenes dates is used in the study from 2020 to 2022 year

Sentinel-2
2020 2021 2022
May 20200503, 20200521, 20200526 20210508 20220511
June 20200622 20210615 20220612, 20220627
July 20200705, 20200707,20200720 20210814 20220702
August 20200801, 20200806, 20200809 20210826 20220809, 20220821, 20220824
September 20200913, 20200915, 20200918, 20200930 20210930 20220920
Sentinel-1A ascending
2020 2021 2022
May 20200502, 20200509, 20200514, 20200526 20210504, 20210509, 20210516, 20210521, 20210528 20220504, 20220511, 20220516, 20220528
June 20200602, 20200607, 20200614, 20200619, 20200626 20210602, 20210609, 20210614, 20210621, 20210626 20220604, 20220616, 20220621, 20220628
July 20200701, 20200708, 20200713, 20200720, 20200725 20210703, 20210708, 20210715, 20210720, 20210727 20220703, 20220710, 20220715, 20220722, 20220727
August 20200801, 20200806, 20200813, 20200818, 20200825, 20200830 20210801, 20210808, 20210813, 20210820 20220803, 20220808, 20220815, 20220820, 20220827
September 20200906, 20200911, 20200918, 20200923, 20200930 20210901, 20210906, 20210913, 20210918, 20210925, 20210930 20220901, 20220908, 20220913, 20220920, 20220925
Sentinel-1B ascending
2020 2021
May 20200503, 20200508, 20200515, 20200520, 20200527 20210503, 20210503, 20210510, 20210515, 20210515, 20210522, 20210527
June 20200601, 20200608, 20200613, 20200620, 20200625 20210603, 20210615, 20210620, 20210627
July 20200702, 20200707, 20200714, 20200719, 20200726, 20200731 20210702, 20210709, 20210714, 20210721, 20210726
August 20200807, 20200812, 20200819, 20200824, 20200831 20210802, 20210807, 20210814, 20210826, 20210831
September 20200905, 20200912, 20200917, 20200924, 20200929 20210907, 20210912, 20210919, 20210924
Sentinel-1A descending
2020 2021 2022
May 20200501, 20200506, 20200513, 20200518, 20200525, 20200530 20210501, 20210508, 20210513, 20210520, 20210525 20220503, 20220508, 20220515, 20220520, 20220527
June 20200606, 20200611, 20200618, 20200623, 20200630 20210601, 20210606, 20210613, 20210618, 20210625, 20210630 20220601, 20220608, 20220613, 20220620, 20220625
July 20200705, 20200712, 20200717, 20200724, 20200729 20210707, 20210712, 20210719, 20210724, 20210731 20220702, 20220707, 20220714, 20220719, 20220726, 20220731
August 20200805, 20200810, 20200817, 20200822, 20200829 20210805, 20210812, 20210817, 20210824, 20210829 20220812, 20220831
September 20200903, 20200910, 20200915, 20200922, 20200927 20210905, 20210910, 20210917, 20210922, 20210929 20220905, 20220912, 20220917, 20220924, 20220929
Sentinel-1B descending
2020 2021
May 20200507, 20200512, 20200519, 20200524, 20200531 20210502, 20210507, 20210514, 20210519, 20210526, 20210531
June 20200605, 20200612, 20200617, 20200624, 20200629 20210607, 20210612, 20210619, 20210624
July 20200706, 20200711, 20200718, 20200723, 20200730 20210701, 20210706, 20210713, 20210718, 20210725, 20210730
August 20200804, 20200811, 20200816, 20200823, 20200828 20210806, 20210811, 20210818, 20210823, 20210830
September 20200904, 20200909, 20200916, 20200921, 20200928 20210904, 20210911, 20210916, 20210923, 20210928

Note. Sentinel-1B stopped serving at 2022 year, so there are no images collected in 2022 of Sentinel-1B
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Table S3. Accuracy calibration of RF and classification validation results of single-year

(teration
RF performance Classification validation
Single-year OOB (%) OA (%) Kappa TPs (%) FPs (%) PPV (%)
Binary_GLO-30 0.33 90.5 0.81 81.8 0.80 99.0
Binary_LiDAR 0.34 88.4 0.77 77.9 1.10 98.6
Multi-Class_GLO-30  0.27 89.8 0.80 86.1 6.60 92.9
Multi-Class_LiDAR ~ 0.37 90.5 0.81 85.1 4.10 95.4

Note. OA is overall accuracy. TPs and FPs are true positive and false positive, respectively.
PPV is positive predictive value, which is the ratio of TPs in all predicted positive

instances. OOB is out of bag error for RF.

Table S4. Accuracy calibration of RF and classification validation results of multi-
year iteration

RF performance Classification validation

Multi-year OOB (%) OA (%) Kappa TPs (%) FPs(%) PPV (%)
Binary_GLO-30 0.31 91.7 0.83 84.8 1.50 98.2
Binary_LiDAR 0.35 90.4 0.81 87.8 2.10 97.7
Multi-Class_GLO-30  0.21 875 0.75 79.8 4.90 94.2
Multi-Class_LiDAR 0.25 87.5 0.75 793 4.30 94.9

Note. OA is overall accuracy. TPs and FPs are true positive and false positive, respectively.
PPV is positive predictive value, which is the ratio of TPs in all predicted positive

instances. OOB is out of bag error for RF.
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